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0DQ\ LQGLYLGXDOV KDYH FRQWULEXWHG WKHLU WLPH DQG HQHUJ\ WR PDNLQJ WKLV WKHVLV D UH
DOLW\ DQG DOO RI WKHP GHVHUYH PRUH WKDQNV WKDQ , FDQ KHUH H[SUHVV )LUVW , ZLVK WR WKDQN
P\ ZLIH ,QD 3RZHU ZKR KDV VXSSRUWHG PH LQ P\ VWXGLHV VLQFH RXU ϧUVW VXPPHU DW WKH
8QLYHUVLW\ RI 1RUWK 'DNRWD LQ  DQG ZLWKRXW ZKRP WKLV WKHVLV ZRXOG QRW KDYH EHHQ
SRVVLEOH 7KLV WKHVLV EHORQJV DV PXFK WR \RX DV WR DQ\RQH HOVH
1H[W , ZLVK WR WKDQNP\ FRPPLWWHH FKDLU 'U .DWKU\Q / +DQVHQ ZKR KDV FKDOOHQJHG
JXLGHG DQG HQFRXUDJHG PH GXULQJ WKH ZULWLQJ RI WKLV WKHVLV , WKDQN DOVR WKH FRPPLWWHH
PHPEHUV 'U - $OEHUW %LFNIRUG DQG 'U $GDP %DNHU IRU PDNLQJ WKLV WKHVLV PXFK EHWWHU
WKDQ LW ZRXOG KDYH EHHQ , DP JUDWHIXO WR KDYH KDG VXFK D ZRQGHUIXO FRPPLWWHH 7KDQN
\RX DOVR WR 'U $QGUHZ %ODFN IRU \RXU WLPHO\ FRPSXWHU VXSSRUW
, ZRXOG OLNH WR WKDQN WKH $IJKDQ 'HDI IRU VKDULQJ WKHLU ODQJXDJH DQG FXOWXUH ZLWK
PH DQG WKH $IJKDQ 1DWLRQDO $VVRFLDWLRQ RI WKH 'HDI IRU WKH IULHQGO\ FRRSHUDWLRQ RYHU WKH
\HDUV 7KDQN \RX DOVR WR P\ FROOHDJXHV DQG IULHQGV DW 6HUYH $IJKDQLVWDQ ZKR VXSSRUWHG
PH DQG P\ IDPLO\ LQ P\ULDG ZD\V GXULQJ RXU VL[ \HDUV LQ $IJKDQLVWDQ 7KLV WKHVLV ZRXOG
QRW KDYH EHHQ SRVVLEOH ZLWKRXW \RX 6SHFLDO WKDQNV DOVR JR WR 6KHOWHU 1RZ ,QWHUQDWLRQDO
DQG WKH IULHQGV DQG FROOHDJXHV DW WKH 'HDI &HQWUH LQ .DEXO 7KDQN \RX IRU VKDULQJ \RXU
WLPH DQG UHVRXUFHV VR JHQHURXVO\
7KDQN \RX WR P\ SDUHQWV IRU H[SRVLQJ PH WR RWKHU ODQJXDJHV DQG FXOWXUHV DQG IRU WKH
JLIW RI DQ HGXFDWLRQ 7KDQN \RX DOVR WR DOO RI P\ IDPLO\ DQG IULHQGV DURXQG WKH ZRUOG IRU
WKH HQFRXUDJHPHQW SUD\HUV DQG ZHOOZLVKHV
)LQDOO\ DQG PRVW LPSRUWDQWO\ , WKDQN *RG , EURXJKW QRWKLQJ LQWR WKLV ZRUOG DQG





7KLV WKHVLV SUHVHQWV DVSHFWV RI KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH >DIJ@ $IJKDQ
6LJQ /DQJXDJH LV D 'HDI VLJQ ODQJXDJH IRXQG LQ $IJKDQLVWDQ /HZLV 6LPRQV DQG )HQQLJ

6LJQV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG RQ WKH KDQGVKDSH SDUDPHWHU )XUWKHU
PRUH KDQGVKDSHV FRQWUDVW EDVHG RQ VHOHFWHG ϧQJHUV WKXPE FRQϧJXUDWLRQ DUUDQJHPHQW
DQG DSHUWXUH 7KH WKHVLV JLYHV HYLGHQFH IRU WKH VHOHFWHG ϧQJHUV IHDWXUHV >RQH@ >WZR@
>WKUHH@ DQG >IRXU@ IRU WKH WKXPE FRQϧJXUDWLRQ IHDWXUHV >RSSRVHG@ >UDGLDO@ DQG >FRQ
WDFWLQJ@ IRU WKH DUUDQJHPHQW IHDWXUHV >VSUHDG@ >MRLQHG@ DQG >FURVVHG@ DQG IRU WKH DSHU
WXUH IHDWXUHV >RSHQ@ DQG >FORVHG@
2I WKH  H[SHFWHG IHDWXUH FRPELQDWLRQV  DUH IRXQG LQ WKH GDWD 7KH IHDWXUH V\VWHP
SUHVHQWHG KHUH DFFRXQWV IRU QDWLYH KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH $ PLQRULW\ RI
KDQGVKDSHV VL[ RI  LQ WKH GDWD UHTXLUH H[WUD IHDWXUHV VXFK DV >PLGGOH@ DQG >OLWWOH@
IRU WKH VHOHFWHG ϧQJHUV DQG >H[WHQGHG@ IRU WKH XQVHOHFWHG ϧQJHUV DV ZHOO DV >EHQW@ 1RQ
QDWLYH KDQGVKDSHV VXFK DV WKRVH ERUURZHG WKURXJK WKH ϧQJHUVSHOOLQJ DOSKDEHW RU IURP
$PHULFDQ 6LJQ /DQJXDJH DOVR UHTXLUH H[WUD IHDWXUHV )DFWRUV VXFK DV PRYHPHQW SRLQW
RI FRQWDFW DQG DUWLFXODWRU\ FRQVWUDLQWV DFFRXQW IRU GLϱHUHQFHV EHWZHHQ WKH XQGHUO\LQJ




7KLV WKHVLV SUHVHQWV DVSHFWV RI $IJKDQ 6LJQ /DQJXDJH >DIJ@ SKRQRORJ\ IRFXVLQJ SDUWLF
XODUO\ RQ KDQGVKDSHV 7KH SXUSRVH RI WKLV WKHVLV LV WR SURYLGH WKH $IJKDQ 'HDI FRPPXQLW\
ZLWK D GHVFULSWLRQ RI LWV ODQJXDJH DQG PRUH EURDGO\ WR EULQJ $IJKDQ 6LJQ /DQJXDJH LQWR
GLVFXVVLRQV RI VLJQ ODQJXDJH W\SRORJ\ DQG WKH XQGHUVWDQGLQJ RI KXPDQ ODQJXDJH /LQJXLVWV
KDYH GHVFULEHG D EURDG UDQJH RI VSRNHQ ODQJXDJHV YDU\LQJ JHRJUDSKLFDOO\ JHQHWLFDOO\
DQG GLDFKURQLFDOO\ 7KH VDPH FDQQRW EH VDLG DERXW WKH VWDWH RI UHVHDUFK LQ VLJQ ODQJXDJHV
7KH ϧHOG RI VLJQ ODQJXDJH OLQJXLVWLFV LV UHODWLYHO\ \RXQJ WUDFLQJ LWV VWDUW WR WKH ZRUN RI
7HUYRRUW  LQ WKH 1HWKHUODQGV DQG 6WRNRH  LQ WKH 8QLWHG 6WDWHV :KLOH UH
VHDUFK LQWR VLJQ ODQJXDJH DQG WKH GHVFULSWLRQ RI VLJQ ODQJXDJHV KDV EHHQ FRQGXFWHG LQ
HDUQHVW VLQFH WKHQ LW PXVW VXUHO\ EH WKH FDVH WKDW RQO\ D VPDOO SHUFHQWDJH RI WKH ZRUOG
V
VLJQ ODQJXDJHV KDYH UHFHLYHG VFLHQWLϧF DWWHQWLRQ ,W LV KRSHG WKDW WKLV WKHVLV WDNHV D VWHS
WRZDUGV UHFWLI\LQJ WKDW LPEDODQFH
/LNH RWKHU NQRZQ 'HDI VLJQ ODQJXDJHV VLJQV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG
RQ KDQGVKDSH 7KH WKHVLV VKRZV WKDW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG
RQ IRXU GLPHQVLRQV VHOHFWHG ϧQJHUV WKXPE FRQϧJXUDWLRQ DUUDQJHPHQW DQG DSHUWXUH
7KH WKHVLV JLYHV HYLGHQFH IRU WKH VHOHFWHG ϧQJHUV IHDWXUHV >RQH@ >WZR@ >WKUHH@ DQG >IRXU@
IRU WKH WKXPE FRQϧJXUDWLRQ IHDWXUHV >RSSRVHG@ >UDGLDO@ DQG >FRQWDFWLQJ@ IRU WKH DU
UDQJHPHQW IHDWXUHV >VSUHDG@ >MRLQHG@ DQG >FURVVHG@ DQG IRU WKH DSHUWXUH IHDWXUHV >RSHQ@
DQG >FORVHG@  YLGHR ϧOHV RI VLJQV LQ FLWDWLRQ IRUP IURP QDWLYH VLJQHUV RI $IJKDQ 6LJQ
/DQJXDJH FRQVWLWXWH WKH GDWD IRU WKLV WKHVLV
7KH SXUSRVH RI WKLV FKDSWHU LV WZRIROG WR SURYLGH WKH KLVWRULFDO OLQJXLVWLF DQG VR
FLDO EDFNJURXQG RI WKH VLJQLQJ FRPPXQLW\ WKDW XVHV $IJKDQ 6LJQ /DQJXDJH WKH $IJKDQ
 7KLV WKHVLV DGRSWV WKH FRQYHQWLRQ RI XVLQJ 'HDI WR UHIHU WR WKH VLJQLQJ FRPPXQLW\ ZKLFK XVHV $IJKDQ
6LJQ /DQJXDJH DV LWV SULPDU\ ODQJXDJH RI FRPPXQLFDWLRQ DQG GHDI WR UHIHU WR LQGLYLGXDOV ZLWK KHDULQJ
LPSDLUPHQW ZKHWKHU VLJQHUV RU QRQVLJQHUV

'HDI DQG WR GHVFULEH WKH GDWD DQG PHWKRGRORJ\ XVHG LQ WKLV WKHVLV &KDSWHU  SURYLGHV DQ
RYHUYLHZ RI UHOHYDQW LVVXHV LQ WKH ϧHOG RI VLJQ ODQJXDJH SKRQRORJ\ DV ZHOO DV WKH DSSURDFK
WDNHQ LQ WKLV WKHVLV WR WKH XQGHUO\LQJ UHSUHVHQWDWLRQ RI WKH VLJQ &KDSWHU  JLYHV HYLGHQFH
IRU WKH IRXU GLPHQVLRQV RI FRQWUDVW DQG WKHLU UHVSHFWLYH IHDWXUHV &KDSWHU  SUHVHQWV FRP
ELQDWLRQV RI WKH IHDWXUHV IURP &KDSWHU  WKDW DUH IRXQG LQ WKH GDWD DFFRXQWLQJ IRU WKH
KDQGVKDSHV WKDW DFWXDOO\ RFFXU &KDSWHU  GLVFXVVHV SUREOHPV IRU WKH DQDO\VLV SRLQWLQJ
RXW KDQGVKDSHV WKDW WKH DQDO\VLV GRHV QRW KDQGOH ZHOO &KDSWHU  SUHVHQWV GLVWULEXWLRQDO
IDFWV DERXW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH LQFOXGLQJ H[DPSOHV RI DOORSKRQLF YDUL
DWLRQ DQG SKRQRWDFWLF FRQVWUDLQWV &KDSWHU  GUDZV FRQFOXVLRQV IURP WKH SUHFHGLQJ FKDS
WHUV DQG VXJJHVWV DUHDV IRU IXWXUH UHVHDUFK
¬%ULHI +LVWRU\ RI WKH $IJKDQ 'HDI &RPPXQLW\
$IJKDQ 6LJQ /DQJXDJH LV D 'HDI VLJQ ODQJXDJH IRXQG LQ $IJKDQLVWDQ /HZLV 6LPRQV
DQG )HQQLJ  7KH $IJKDQ 'HDI FRPPXQLW\ WUDFHV LWV URRWV EDFN WR WKH V ZKHQ
VHYHUDO PLOOLRQ $IJKDQ UHIXJHHV OHIW $IJKDQLVWDQ IRU 3HVKDZDU 3DNLVWDQ GXULQJ WKH 6RYLHW
LQYDVLRQ RI $IJKDQLVWDQ ,Q UHVSRQVH WR WKLV KXPDQLWDULDQ FULVLV VHYHUDO QRQJRYHUQPHQWDO
RUJDQL]DWLRQV 1*2V EHJDQ ZRUN LQ YDULRXV VHFWRUV DPRQJ WKH $IJKDQ UHIXJHHV 6HUYH
$IJKDQLVWDQ ZDV RQH RI WKH 1*2V WKDW IRFXVHG RQ LVVXHV UHODWHG WR GLVDELOLW\ VWDUWLQJ DQ
HGXFDWLRQ SURMHFW IRU GHDI $IJKDQV LQ WKH HDUO\ V 7KH LQYROYHPHQW RI KXPDQLWDULDQ
RUJDQL]DWLRQV LQ WKH $IJKDQ 'HDI FRPPXQLW\ LV UHOHYDQW EHFDXVH WKH PDMRULW\ RI $IJKDQ
6LJQ /DQJXDJH VLJQHUV FDQ EH IRXQG LQ WKH DUHDV ZKHUH KXPDQLWDULDQ RUJDQL]DWLRQV KDYH
EHHQ DFWLYH
,Q WKH PLGV FRQVXOWDQWV IURP WKH +RO\ /DQG ,QVWLWXWH IRU WKH 'HDI +/,' LQ
-RUGDQ DGYLVHG 6HUYH $IJKDQLVWDQ
V SURMHFW OHDGHUVKLS WR FKDQJH IURP D IRFXV RQ WHDFKLQJ
$PHULFDQ 6LJQ /DQJXDJH WR GRFXPHQWDWLRQ RI H[LVWLQJ VLJQV DPRQJ GHDI $IJKDQV 7KH
LQWHUDFWLRQ ZLWK +/,' DOVR OHG WR WKH DGDSWDWLRQ RI WKH $UDELF ϧQJHUVSHOOLQJ DOSKDEHW
WR UHSUHVHQW 3HUVLDQ DQG 3XVKWR 6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW 6+,3 SURGXFHG D
GLFWLRQDU\ RI $IJKDQ 6LJQ /DQJXDJH LQ  ZKLFK ZDV D FROOHFWLRQ RI URXJKO\  VLJQV
 7KH DXWKRU ZDV DQ HPSOR\HH RI 6HUYH $IJKDQLVWDQ EHWZHHQ WKH \HDUV  DQG  DQG OHG WKH
$IJKDQ 6LJQ /DQJXDJH GLFWLRQDU\ SURMHFW DIVOGLFWRUJ IURP 
 3HUVRQDO NQRZOHGJH

LQ XVH DPRQJ VLJQLQJ $IJKDQV OLYLQJ LQ DQG DURXQG 3HVKDZDU 6HUYH·V +HDULQJ ,PSDLUHG
3URMHFW  /DWHU 6+,3 DORQJ ZLWK PDQ\ NH\ $IJKDQ 'HDI OHDGHUV UHORFDWHG DFURVV WKH
ERUGHU WR -DODODEDG $IJKDQLVWDQ ,Q  WKH SURMHFW SULQWHG D VHFRQG GLFWLRQDU\ ZLWK
URXJKO\  HQWULHV 6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW  ,Q  WKDW WRWDO ZDV
GRXEOHG WR  WKURXJK D MRLQW SURMHFW LQFOXGLQJ 6+,3 WKH +HDULQJ ,PSDLUHG )RXQGDWLRQ
RI $IJKDQLVWDQ +,)$ DQG WKH 81·V &RPSUHKHQVLYH 'LVDEOHG $IJKDQV 3URJUDP 6HUYH·V
+HDULQJ ,PSDLUHG 3URMHFW HW DO 
,Q WKH PLGV $IJKDQ 'HDI OHDGHUV ZLWK URRWV LQ WKH ZRUN LQ 3HVKDZDU IRXQGHG WKH
$IJKDQ 1DWLRQDO $VVRFLDWLRQ RI WKH 'HDI $1$' $1$' OHG DQRWKHU MRLQW SURMHFW DPRQJ
1*2V LQ WKH VHFWRU LQ SURGXFLQJ D IRXUWK GLFWLRQDU\ LQ  ZKLFK GRXEOHV WKH QXPEHU RI
HQWULHV WR DSSUR[LPDWHO\  $IJKDQ 1DWLRQDO $VVRFLDWLRQ RI WKH 'HDI HW DO  $V
RI  WKHUH DUH VHYHUDO RUJDQL]DWLRQV ZRUNLQJ LQ WKH DUHD RI GHDI HGXFDWLRQ LQFOXGLQJ
$1$' 6HUYH $IJKDQLVWDQ )DPLO\ :HOIDUH )RFXV DQG 6ZHGLVK &RPPLWWHH IRU $IJKDQLVWDQ
,Q WKH SDVW WKH 81 ZDV DOVR DFWLYH LQ WKH VHFWRU WKURXJK WKH &'$3 PHQWLRQHG DERYH

¬$IJKDQ 6LJQ /DQJXDJH
)LJXUH  VKRZV WKH SURYLQFHV DQG FLWLHV RI $IJKDQLVWDQ DV ZHOO DV 3HVKDZDU 3DNLVWDQ
ZKHUH $IJKDQ 6LJQ /DQJXDJH VLJQHUV DUH IRXQG
)LJXUH  $IJKDQ 6LJQ /DQJXDJH LQ $IJKDQLVWDQ DQG 3DNLVWDQ
,Q WKHLU H[FHOOHQW UHSRUW RQ WKH VWDWH RI $IJKDQ 6LJQ /DQJXDJH DQG GHDI HGXFDWLRQ
LQ $IJKDQLVWDQ %HFNHU 	 (LFKPDQQ  XQSXEOLVKHG SRLQW RXW WKH SUREOHP RI
GHOLPLWLQJ WKH FRPPXQLW\ WKDW XVHV $IJKDQ 6LJQ /DQJXDJH ZLWKRXW D SURSHU GHVFULSWLRQ
RI WKH ODQJXDJH +RZHYHU LW LV SRVVLEOH WR FRQGXFW UHVHDUFK DPRQJ GHDI $IJKDQV ZKR
FODLP $IJKDQ 6LJQ /DQJXDJH DV WKHLU QDWLYH ODQJXDJH DQG GHVFULSWLRQV RI WKH ODQJXDJH
GR H[LVW KRZHYHU LQFRPSOHWH $GGLWLRQDOO\ GHDI $IJKDQV WKHPVHOYHV GUDZ GLVWLQFWLRQV
EHWZHHQ GHDI SHRSOH ZKR XVH $IJKDQ 6LJQ /DQJXDJH DQG GHDI SHRSOH ZKR XVH VRFDOOHG
JHVWXUH 7KH (WKQRORJXH HVWLPDWHV WKH QXPEHU RI $IJKDQ 6LJQ /DQJXDJH VLJQHUV DW 
 7KLV PDS LV EDVHG RQ LQIRUPDWLRQ IRXQG LQ /HZLV 6LPRQV DQG )HQQLJ  DQG RQ SHUVRQDO NQRZOHGJH
 3HUVRQDO NQRZOHGJH 7KH $IJKDQ 6LJQ /DQJXDJH VLJQ WUDQVODWHG KHUH DV JHVWXUH LV D WZRKDQGHG VLJQ LQ
ZKLFK WKH KDQGV VOLJKWO\ RXW RI V\QF SRLQW LQ YDULRXV GLUHFWLRQV

/HZLV 6LPRQV DQG )HQQLJ  EXW WKLV QXPEHU LV D URXJK HVWLPDWH DW EHVW DQG OLNHO\
UHODWHV RQO\ WR VLJQHUV IRXQG LQ KXPDQLWDULDQ SURJUDPV
*LYHQ WKH KLVWRU\ RI WKH $IJKDQ 'HDI LW LV OLNHO\ WKDW $IJKDQ 6LJQ /DQJXDJH KDV EHHQ
LQϩXHQFHG E\ $PHULFDQ 6LJQ /DQJXDJH 3DNLVWDQL 6LJQ /DQJXDJH DQG HVSHFLDOO\ LQ WKH
IRUP RI LQLWLDOL]HG VLJQV WKH VSRNHQ ODQJXDJHV 'DUL 3XVKWR DQG (QJOLVK 6HFWLRQ 
GLVFXVVHV ERUURZLQJV IURP 3HUVLDQ WKURXJK WKH ϧQJHUVSHOOLQJ DOSKDEHW DV ZHOO DV ERUURZ
LQJV IURP $PHULFDQ 6LJQ /DQJXDJH +RZHYHU ODFNLQJ D PRUH FRPSUHKHQVLYH KLVWRU\ RI
WKH $IJKDQ 'HDI FRPPXQLW\ LW LV GLϫFXOW WR VWDWH SUHFLVHO\ KRZ LQWHUDFWLRQV ZLWK WKHVH
ODQJXDJHV KDYH LQϩXHQFHG $IJKDQ 6LJQ /DQJXDJH
¬'DWD DQG 0HWKRGRORJ\
7KLV VHFWLRQ GHVFULEHV WKH GDWD DQG PHWKRGRORJ\ XVHG LQ WKLV WKHVLV 7KH GDWD FRP
SULVHV  WRWDO VLJQV ZKLFK FRQWDLQ URXJKO\ HTXDO QXPEHUV RI RQHKDQGHG  DV\P
PHWULFDO WZRKDQGHG  DQG V\PPHWULFDO WZRKDQGHG VLJQV  7KLV WKHVLV IRFXVHV
RQO\ RQ WKH GRPLQDQW KDQG PHDQLQJ WKDW KDQGVKDSHV RQ WKH QRQGRPLQDQW KDQG LQ DV\P
PHWULFDO WZRKDQGHG VLJQV DUH QRW FRQVLGHUHG +DQGVKDSHV IRXQG RQ WKH QRQGRPLQDQW
KDQG DUH GLVFXVVHG EULHϩ\ LQ &KDSWHU  1LQHW\IRXU VHSDUDWH SKRQHWLF KDQGVKDSHV DUH
IRXQG LQ WKH GDWD %HFDXVH D QXPEHU RI VLJQV LQ WKH GDWD LQFOXGH PXOWLSOH KDQGVKDSHV
 WRWDO RFFXUUHQFHV RI KDQGVKDSHV DUH IRXQG
7KHUH DUH VHYHQ 'HDI PDOH VLJQHUV IURP HDVWHUQ DQG FHQWUDO $IJKDQLVWDQ LQ WKH GDWD
7KH VHYHQ VLJQHUV DUH KHUH UHIHUUHG WR DV VLJQHUV $ WKURXJK * 6LJQHUV $ WKURXJK ) DUH DOO
EHWZHHQ WKH DJHV RI  DQG DWWHQGHG WKH VDPH VFKRRO IRU WKH GHDI WKURXJKRXW FKLOG
KRRG ZKLOH VLJQHU * LV EHWZHHQ WKH DJHV RI  DQG KDV EHHQ LQYROYHG LQ HGXFDWLRQ
SURMHFWV IRU WKH GHDI IURP WKH V )LJXUH  VKRZV WKH GLVWULEXWLRQ RI WKH  VLJQV E\
WKH VLJQHU
 7KH QXPEHUV LQ SDUHQWKHVHV DUH PHDQW WR JLYH D JHQHUDO LGHD RI WKH FRUSXV
 PDNHXS %HFDXVH WKH QXPEHU
RI KDQGV RIWHQ FKDQJHV ZLWKLQ D VLJQ PDQ\ VLJQV GHI\ VLPSOH FODVVLϧFDWLRQ E\ KDQGHGQHVV
 )RU FXOWXUDO UHDVRQV LW LV LQDSSURSULDWH WR LQFOXGH YLGHRV RU SLFWXUHV RI $IJKDQ IHPDOH VLJQHUV

)LJXUH  6LJQV LQ WKH 'DWD E\ WKH 6LJQHU
6HYHUDO UHVRXUFHV ZLWK ODQJXDJH GDWD DUH IUHHO\ DYDLODEOH $SSUR[LPDWHO\  YLGHR
ϧOHV RI VLJQV LQ FLWDWLRQ FRQWH[W DUH DYDLODEOH LQ WKH RQOLQH $IJKDQ 6LJQ /DQJXDJH GLFWLRQDU\
DW DIVOGLFWRUJ ,Q DGGLWLRQ DSSUR[LPDWHO\  YLGHR ϧOHV RI VLJQV LQ FLWDWLRQ FRQWH[W
DUH DYDLODEOH LQ WKH YLGHR GLFWLRQDU\ SURGXFHG E\ 6KHOWHU 1RZ ,QWHUQDWLRQDO WRJHWKHU ZLWK
D FHQWHU IRU WKH GHDI LQ .DEXO 0DQ\ RI WKHVH VLJQV RYHUODS ZLWK WKRVH LQ WKH RQOLQH
GLFWLRQDU\ VR WKDW WKH WRWDO QXPEHU RI OH[HPHV UHSUHVHQWHG LV OHVV WKDQ  ,Q DGGLWLRQ
DOSKDEHWLF DQG QXPHULF VLJQV ZHUH QRW LQFOXGHG LQ WKH GDWD IRU WKLV WKHVLV 9LGHR ϧOHV IURP
WKLV ODUJHU FRUSXV ZHUH ϧOWHUHG IRU WKH JURXS RI VLJQHUV GHVFULEHG DERYH WR HQVXUH QDWLYH
OHYHO PDVWHU\ RI $IJKDQ 6LJQ /DQJXDJH 7KH GLVWULEXWLRQ RI VLJQV DFURVV WKH WZR FRUSRUD
LV URXJKO\ HYHQ  VLJQV LQ WKH GDWD DUH IURP WKH DIVOGLFWRUJ GLFWLRQDU\ DQG  VLJQV
DUH IURP WKH 6KHOWHU 1RZ ,QWHUQDWLRQDO GLFWLRQDU\
7KHVH  VLJQV ZHUH WUDQVFULEHG E\ WKH DXWKRU XVLQJ +DP1R6\V D WUDQVFULSWLRQ
V\VWHP GHYHORSHG E\ UHVHDUFKHUV DW WKH 8QLYHUVLW\ RI +DPEXUJ 7KH WUDQVFULSWLRQV ZHUH
WKHQ VRUWHG E\ KDQGVKDSH DQG UHFKHFNHG LQ RUGHU WR FRPH WR DQ DFFXUDWH OLVW RI WKH SKRQHWLF
KDQGVKDSHV LQ WKH GDWD DV ZHOO DV WR ϧQG SDWWHUQV )RU H[DPSOH ϧOWHULQJ WKH GDWD IRU
SKRQHWLF PRYHPHQWV RU ORFDWLRQV RI D SDUWLFXODU W\SH FDQ UHYHDO PLQLPDO DQG DQDORJRXV
SDLUV WKDW FRQWUDVW EDVHG RQ KDQGVKDSH

&+$37(5 
2YHUYLHZ RI 3KRQRORJLFDO 0RGHOV
7KH SXUSRVH RI WKLV FKDSWHU LV WZRIROG WR SUHVHQW WKH FRQWH[W IRU WKLV WKHVLV LQ VLJQ
ODQJXDJH SKRQRORJ\ VKRZLQJ WKDW VLJQ ODQJXDJH OLQJXLVWV FRQFHSWXDOL]H WKH VLJQ GLϱHU
HQWO\ DQG WR H[SODLQ WKH DSSURDFK WDNHQ LQ WKLV WKHVLV WR WKH XQGHUO\LQJ UHSUHVHQWDWLRQ RI
WKH VLJQ 6HFWLRQ  GHVFULEHV VL[ PRGHOV RI WKH VLJQ LQ $PHULFDQ 6LJQ /DQJXDJH IRFXVLQJ
HVSHFLDOO\ RQ WKH GLϱHULQJ DSSURDFKHV WKDW SKRQRORJLVWV KDYH WDNHQ WR VLPXOWDQHLW\ DQG
VHTXHQWLDOLW\ LQ WKH VLJQ 6HFWLRQ  GHVFULEHV DQG MXVWLϧHV WKH DSSURDFK DGRSWHG LQ WKLV
WKHVLV ZKLFK IROORZV /LGGHOO 
V DQG +DQVHQ 
V VHTXHQWLDO FRQFHSWLRQ RI WKH
VLJQ
¬0RGHOV RI WKH 6LJQ LQ $PHULFDQ 6LJQ /DQJXDJH
7KLV VHFWLRQ JLYHV DQ RYHUYLHZ RI VL[ PRGHOV RI WKH VLJQ LQ $PHULFDQ 6LJQ /DQJXDJH
$6/ ZKLFK GHYHORSHG EHWZHHQ  DQG  7KHUH DUH WZR REVHUYDWLRQV DERXW WKH
VLJQ WKDW FRPSHWH LQ WKH PRGHOV EHORZ 7KH ϧUVW REVHUYDWLRQ LV WKDW VRPH XQGHUO\LQJ SDUWV
RI D VLJQ VHHP HLWKHU QRW WR FKDQJH GXULQJ WKH VLJQ RU WR FKDQJH LQ SUHGLFWDEOH ZD\V )RU
H[DPSOH PDQ\ VLJQV LQ $6/ KDYH RQO\ RQH KDQGVKDSH DQG DUH DUWLFXODWHG LQ RQH PDMRU
ORFDWLRQ 7KLV ϧUVW REVHUYDWLRQ KDV OHG PDQ\ RI WKH PRGHOV WR FDSWXUH WKHVH JHQHUDOL]DWLRQV
E\ UHSUHVHQWLQJ VLPXOWDQHLW\ LQ WKH XQGHUO\LQJ VWUXFWXUH LQFOXGLQJ WKH ϧUVW RI WKH PRGHOV
LQ 6HFWLRQ 
7KH VHFRQG REVHUYDWLRQ LV WKDW VLJQV KDYH LGHQWLϧDEOH SDUWV DW WKH VXUIDFH WKDW DUH
VHTXHQWLDO $ VLJQ FDQ EH EURNHQ GRZQ LQWR WKH WLPH ZKHQ WKH DUWLFXODWRUV PRYH DQG
WKH WLPH ZKHQ WKH DUWLFXODWRUV GR QRW PRYH RU FRQWDFW ,Q DGGLWLRQ VRPH PRUSKRORJLFDO
DQG SKRQRORJLFDO SKHQRPHQD LQ $6/ UHIHU WR WKHVH VHTXHQWLDO SDUWV RI VLJQV 7KLV VHFRQG
REVHUYDWLRQ KDV OHG PDQ\ OLQJXLVWV WR LQFRUSRUDWH VHTXHQWLDO HOHPHQWV PRVW FRPSOHWHO\
LQ 6HFWLRQV  DQG 

2WKHU OLQJXLVWV KDYH WDNHQ D PL[HG DSSURDFK EOHQGLQJ VLPXOWDQHLW\ DQG VHTXHQWLDOLW\




6WRNRH FRQFHLYHV RI WKH VLJQ DV D VLPXOWDQHRXV UHDOL]DWLRQ RI WKUHH PDMRU FDWHJRULHV
KDQGVKDSH ORFDWLRQ DQG PRYHPHQW 6WRNRH  FODLPV WKDW WKHVH PDMRU FDWHJRULHV
DUH LQ IDFW SKRQHPHV LQ WKHPVHOYHV PHDQLQJOHVV XQLWV ZKLFK FRPELQH LQ YDULRXV ZD\V WR
IRUP PHDQLQJIXO VLJQV 7KDW VLJQV FRXOG KDYH DQ\ XQGHUO\LQJ RUJDQL]DWLRQ DW DOO ZDV D
UHYHODWLRQ DW WKH WLPH
7ZR SRLQWV DUH FUXFLDO LQ WKLV GLVFXVVLRQ 7KH ϧUVW LV WKDW 6WRNRH DOORZHG QR VSDFH
IRU VHTXHQWLDOLW\ LQ KLV FRQFHSWLRQ RI WKH VLJQ $ VLJQ LV D PL[WXUH RI DUELWUDU\ HOHPHQWV
DQG ZKLOH WKH VLJQ
V SLHFHV DUH YLVLEOH DW WKH VXUIDFH WKHUH LV QR VHQVH LQ ZKLFK WKH VLJQ
FDQ EH VHJPHQWHG DV RQH PLJKW VHJPHQW D VSRNHQ ZRUG DW WKH RUJDQL]DWLRQDO OHYHO :KLOH
VLJQV DQG VSRNHQ ZRUGV ERWK KDYH XQGHUO\LQJ UHSUHVHQWDWLRQV 6WRNRH GHVFULEHG WKH VLJQ
V
XQGHUO\LQJ UHSUHVHQWDWLRQ LQ ZD\V XQIDPLOLDU WR VSRNHQ ODQJXDJH OLQJXLVWLFV 7KH VWDELOLW\
RI WKH PDMRU FDWHJRULHV ZKLFK LV GLVFXVVHG IXUWKHU LQ WKH PRGHOV EHORZ SURYLGH DW OHDVW
SDUW RI WKH PRWLYDWLRQ IRU VLPXOWDQHRXV PRGHOV $V /LGGHOO  QRWHV 7KLV W\SH RI
REVHUYDWLRQ OHG 6WRNRH DQG RWKHUV DIWHU KLP WR UHJDUG WKH XQGHUO\LQJ VWUXFWXUH RI DQ $6/
VLJQ DV D VLQJOH VLPXOWDQHRXV EXQGOH RI KDQGVKDSH DQG PRYHPHQW SULPHVµ 
7KH VHFRQG SRLQW LV UHODWHG KDQGVKDSH ORFDWLRQ DQG PRYHPHQW YDU\ LQGHSHQGHQWO\
DQG DUH DOO HTXDO LQ VWDWXV DV SKRQHPHV /LQJXLVWV VLQFH 6WRNRH VXFK DV :LOEXU 
DUH PRUH VFHSWLFDO DERXW ZKHWKHU PRYHPHQW FRQVWLWXWHV D PDMRU FDWHJRU\ RU LV VLPSO\ DQ
LQWHUSRODWLRQ IURP VXUURXQGLQJ ORFDWLRQ IHDWXUHV %HFDXVH 6WRNRH
V PRGHO RI WKH VLJQ LV




V ZRUN LQϩXHQFHG WKH GLVFXVVLRQV IROORZLQJ KLP $Q\ OLQJXLVW VHHNLQJ D YRLFH
LQ GLVFXVVLRQV DERXW WKH VLJQ KDG WR ϧUVW GHDO ZLWK 6WRNRH /LGGHOO  GHSDUWV IURP
6WRNRH
V FRQFHSWLRQ RI WKH VLJQ ZLWK KLV 0RYH+ROG PRGHO /LGGHOO FODLPV WKDW VLJQV DUH
PDGH XS RI RQO\ WZR FDWHJRULHV ZKLFK DUH VHTXHQWLDO LQ QDWXUH PRYH 0 DQG KROG +
+LV LV D UDGLFDO GHSDUWXUH IURP VLPXOWDQHLW\ ZKLFK PDGH VLJQ ODQJXDJHV PRUH HDVLO\ FRP
SDUDEOH WR VSRNHQ ODQJXDJHV
:KHWKHU /LGGHOO KDG H[WUDOLQJXLVWLF PRWLYDWLRQ IRU D VHTXHQWLDO DQDO\VLV RU QRW KH
JURXQGV KLV FODLPV LQ REVHUYDEOH WLPLQJ GDWD 7LPLQJ GDWD LQ $6/ GHPRQVWUDWHV FOHDUO\
WKDW WKH KDQGV DUH HLWKHU LQ PRWLRQ RU LQ VWDVLV LQ D VLJQ ´KDOI WKH GXUDWLRQ RI WKH VLJQV
RQ DYHUDJH FRQVLVWV RI QRQPRWLRQµ  7KHUHIRUH VLJQV FRQVLVW RI WZR URXJKO\
HTXDO SDUWV DQG WKH WZR FDQQRW RFFXU VLPXOWDQHRXVO\
7KH 0RYH+ROG PRGHO WUHDWV VHJPHQWV PXFK DV WKH\ DUH WUHDWHG LQ VSRNHQ ODQJXDJHV
(DFK VHJPHQW KDV D SDUDGLJPDWLF D[LV ZLWK OLVWV RI IHDWXUHV WKDW FDQ LQϩXHQFH QHLJKERULQJ
VHJPHQWV RQ WKH V\QWDJPDWLF D[LV 7KH 0 VHJPHQW LQ SDUWLFXODU WDNHV PDQ\ RI LWV IHDWXUHV
IURP WKH VXUURXQGLQJ + VHJPHQWV LQ VLJQV ZLWK WZR RU PRUH VHJPHQWV 7KHUHIRUH ZKLOH
0 DQG + DUH HTXDO DV VHJPHQWV LQ WKH PRGHO 0 ERUURZV IHDWXUHV IURP + PRUH UHDGLO\
,Q IDFW 0 FDQ RIWHQ EH OHIW FRPSOHWHO\ XQVSHFLϧHG VR WKDW LWV IHDWXUHV DUH LQWHUSRODWLRQV
IURP WKH VXUURXQGLQJ + VHJPHQWV
/LGGHOO  SRLQWV RXW WKDW XQLWDU\ VLJQV VLJQV ZLWK RQO\ RQH 0 RU RQH + DUH QRW
XQOLNH 6WRNRH
V FRQFHSWLRQ RI VLJQV JHQHUDOO\ EXW ZLWK DQ LPSRUWDQW GLϱHUHQFH >D XQLWDU\
VLJQ
V@ UHSUHVHQWDWLRQ ZLOO EH D VLPXOWDQHRXV EXQGOH RI SULPHV  GLϱHULQJ IURP D 6WRNRH
UHSUHVHQWDWLRQ PDLQO\ LQ WKDW LW LV VSHFLϧHG IRU +  :KLOH 6WRNRH UHSUHVHQWHG
HDFK VLJQ DV D ZKROH /LGGHOO
V XQLWDU\ VLJQV DUH VLJQV FRQVLVWLQJ RI VLQJOH VHJPHQWV RI
RQH W\SH RU DQRWKHU
7R VXPPDUL]H WKLV VXEVHFWLRQ KDV VKRZQ WKDW /LGGHOO
V 0RYH+ROG PRGHO PRYHV LQ
WKH RSSRVLWH GLUHFWLRQ RI 6WRNRH
V PRGHO :KHUH 6WRNRH
V PRGHO VKRZV VLPXOWDQHLW\ DQG
HTXDOLW\ RI PDMRU FDWHJRULHV /LGGHOO




0RUH UHFHQW PRGHOV RI WKH VLJQ LQFOXGH WKH /RFDWLRQ 0RYHPHQW /RFDWLRQ /0/ PRGHO
LQ WKLV VHFWLRQ :LOEXU
V PRGHO LQ 6HFWLRQ  DQG WKH 3URVRGLF 0RGHO LQ 6HFWLRQ 
7KHVH PRGHOV DOO FDPH LQWR D GLVFXVVLRQ ZKLFK DOUHDG\ KDG FOHDUO\ GLVWLQJXLVKHG SRVLWLRQV
DQG WKH\ DOO EOHQG HOHPHQWV RI ERWK SRVLWLRQV DV ZHOO DV RULJLQDO HOHPHQWV LQ YDULRXV ZD\V
6DQGOHU 	 /LOOR0DUWLQ  FDUU\ IRUZDUG LGHDV IRXQG LQ 6DQGOHU  DQG 6DQ
GOHU  7KH\ FODLP WKDW VLJQV KDYH PRUH VLPXOWDQHRXV VWUXFWXUH WKDQ VSRNHQ ZRUGV
ZKLOH DFNQRZOHGJLQJ D EDVLF VHTXHQWLDO VWUXFWXUH 6HTXHQWLDO VWUXFWXUH QRWZLWKVWDQG
LQJ LW LV DOVR FOHDU WKDW VLJQ ODQJXDJHV KDYH PRUH VLPXOWDQHRXVO\ RFFXUULQJ VWUXFWXUH LQ
WKHLU ZRUGV WKDQ VSRNHQ ODQJXDJHV KDYH LQ WKHLUV  7KLV PRGHO IROORZV WKDW
RI /LGGHOO LQ PDLQWDLQLQJ D VHTXHQWLDO UHSUHVHQWDWLRQ EXW GHSDUWV IURP LW E\ ´WKH UHYLYDO
RI 6WRNRH·V YLHZ RI KDQG FRQϧJXUDWLRQ ORFDWLRQ DQG PRYHPHQW DV WKH PDMRU FDWHJRU\
W\SHVµ DQG WKH VLPXOWDQHRXV UHSUHVHQWDWLRQ RI KDQG FRQϧJXUDWLRQ DQG SODFH 
7KH /0/ PRGHO FDSWXUHV WKLV EOHQG RI VLPXOWDQHLW\ DQG VHTXHQWLDOLW\ E\ UHSUHVHQWLQJ ERWK
VHJPHQWV /RFDWLRQ 0RYHPHQW /RFDWLRQ DQG DXWRVHJPHQWV KDQG FRQϧJXUDWLRQ RU +&
DQG SODFH
:KLOH 6DQGOHU DQG /LOOR0DUWLQ DUH FOHDUO\ LQϩXHQFHG E\ WKH 0RYH+ROG PRGHO LQ
WKHLU UHSUHVHQWDWLRQ RI VHJPHQWV LQ D VLJQ WKH\ SRLQW RXW WKH PRGHO
V GHϧFLHQFLHV DV D
SKRQRORJLFDO PRGHO SDUWLFXODUO\ LWV IDLOXUH WR FDSWXUH VLJQLϧFDQW JHQHUDOL]DWLRQV DERXW WKH
VWDELOLW\ RI KDQGVKDSHV DFURVV VHJPHQWV  7KH DXWKRUV FODLP WKDW KDQGVKDSH
RIWHQ GRHV QRW FKDQJH LQ D VLJQ PDNLQJ WKH OLVW RI IHDWXUHV IRU HDFK VHJPHQW LQ WKH 0+
PRGHO UHGXQGDQW 7KH DXWKRUV FODLP IXUWKHU WKDW FKDQJHV WR +& ZLWKLQ D PRUSKHPH DUH
SUHGLFWDEOH  7KLV PRWLYDWHV WKH PRGHO
V VLPXOWDQHRXV UHSUHVHQWDWLRQ RI +&
7KHUH LV RQH GLϫFXOW\ ZLWK WKH PRGHO ZKLFK LOOXVWUDWHV WKH FKDOOHQJH LQ EOHQGLQJ
VHTXHQWLDOLW\ ZLWK LWV FRQYHUVH VLPXOWDQHLW\ 6DQGOHU 	 /LOOR0DUWLQ 
V /0/
PRGHO LV VKRZQ LQ )LJXUH  EHORZ

)LJXUH  7KH /0/ 0RGHO
7KH PRGHO UHSUHVHQWV +& DV DQ DXWRVHJPHQW LQ D PDQ\WRRQH UHODWLRQVKLS ZLWK WKH /0/
VHJPHQWV 7KLV PHDQV WKDW LI D KDQGVKDSH FKDQJHV IRU H[DPSOH IURP RSHQ WR FORVHG
WKH FKDQJH LV DVVRFLDWHG ZLWK DOO WKUHH VHJPHQWV +RZHYHU WKH PRGHO GRHV QRW PDNH
FOHDU ZKHWKHU WKH KDQGVKDSH FKDQJH RFFXUV DW HDFK VHJPHQW LQGLYLGXDOO\ DFURVV WKH WKUHH
VHJPHQWV XQLIRUPO\ RU RWKHUZLVH
7KH /0/ PRGHO UHSUHVHQWV D EOHQG RI 6WRNRH
V DQG /LGGHOO
V PRGHOV RI WKH VLJQ 7KH
PRGHO GRHV WKLV EHFDXVH LW VHHNV WR FDSWXUH JHQHUDOL]DWLRQV DERXW WKH VWDELOLW\ RI KDQGVKDSH




7KH OHDVW GHYHORSHG RI WKH WKUHH EOHQGHG PRGHOV LV IRXQG LQ :LOEXU  ,Q WKH
FRQWH[W RI D GLVFXVVLRQ RQ WKH V\OODEOH LQ $6/ :LOEXU  JLYHV DQ RYHUYLHZ RI WKH SURE
OHPV LQ WKH SKRQRORJLFDO PRGHOV RI WKH VLJQ SURSRVHG WR GDWH 6KH QRWHV ZHDNQHVVHV LQ
ERWK VHTXHQWLDO DQG VLPXOWDQHRXV PRGHOV RI WKH VLJQ DQG SURSRVHV D ´VHJPHQWOHVV PRGHOµ
WKDW LQFOXGHV & / DQG 2 WLHUV FRQϧJXUDWLRQ ORFDWLRQ DQG RULHQWDWLRQ EXW QRW D PRYH
PHQW WLHU ,Q SULQFLSOH HDFK WLHU FDQ KDYH RQH RU PRUH VHTXHQWLDO WLPLQJ VORWV ZLWK IHDWXUH
PDWULFHV DVVRFLDWHG WR HDFK VORW :LOEXU H[SODLQV ´0RYHPHQW UHVXOWV ZKHQ DQ\ RI WKHVH
WLHUV KDV PRUH WKDQ RQH IHDWXUH PDWUL[ RQ LWµ ² ,I HDFK WLHU KDV MXVW RQH WLPLQJ
VORW QR PRYHPHQW RFFXUV LQ WKH VLJQ DW WKH XQGHUO\LQJ OHYHO 7KH VLWXDWLRQ EHFRPHV PRUH
FRPSOH[ LI WKHUH DUH GLϱHUHQW QXPEHUV RI WLPLQJ VORWV RQ GLϱHUHQW WLHUV ,I KDQGVKDSH

FKDQJHV LW QHHGV WZR WLPLQJ VORWV LI RULHQWDWLRQ VWD\V WKH VDPH LW RQO\ QHHGV RQH WLP
LQJ VORW 7KH QXPEHU RI WLPLQJ VORWV UHSUHVHQWHG LV WKH VDPH DV WKH QXPEHU RI GLϱHUHQW
LQVWDQFHV RI WKH WLHU FDWHJRU\
:LOEXU
V PRGHO SDUDOOHOV 6WRNRH
V ZRUN LQ WKDW HDFK VLJQ KDV DQ XQGHUO\LQJ FRPELQD
WLRQ RI PDMRU FDWHJRULHV WKDW OLQN DW WKH VLJQ OHYHO DQG QRW DW WKH VHJPHQWDO OHYHO +HU
PRGHO GHSDUWV IURP 6WRNRH DV ZHOO DV WKH RWKHU PRGHOV SUHVHQWHG DERYH E\ JLYLQJ RUL
HQWDWLRQ PDMRU FDWHJRU\ VWDWXV 7KH PRGHO LV DOVR XQLTXH LQ YLHZLQJ PRYHPHQW DV IXOO\
SUHGLFWDEOH IURP VXUURXQGLQJ IHDWXUH PDWULFHV
¬,QKHUHQW DQG 3URVRGLF )HDWXUHV 0RGHO
%UHQWDUL  IROORZV WKH /0/ PRGHO LQ LQFOXGLQJ VLPXOWDQHLW\ LQ KHU SURVRGLF
PRGHO RI WKH VLJQ ´,W LV FOHDU WKDW ERWK SODFH DQG DUWLFXODWRU FDQ EH HVWDEOLVKHG DV DX
WRVHJPHQWDO WLHUVµ  5HFDOO WKDW WKH /0/ PRGHO ZDV PRWLYDWHG LQ SDUW E\ UHVWULF
WLRQV RQ KDQGVKDSH DQG SODFH ZLWKLQ D PRUSKHPH 7KH HYLGHQFH LV HQRXJK WR FRQYLQFH
%UHQWDUL WR UHSUHVHQW KDQG FRQϧJXUDWLRQ DQG SODFH DV VLPXOWDQHRXV SKHQRPHQD WKRXJK
LQ D GLϱHUHQW ZD\ WKDQ WKH /0/ PRGHO GRHV ,QVWHDG RI DVVRFLDWLQJ KDQGVKDSH WR DOO WKUHH
VHJPHQWV DQG SODFH WR WKH WZR RXWHU VHJPHQWV %UHQWDUL  DVVRFLDWHV HYHU\WKLQJ WR D
URRW ZKLFK LV WKH VLJQ OHYHO
)LJXUH  7KH ,QKHUHQW DQG 3URVRGLF )HDWXUHV 0RGHO

7KH URRW EUDQFKHV LQ WZR ZD\V WR DQ LQKHUHQW IHDWXUHV QRGH DQG WR D SURVRGLF IHD
WXUHV QRGH ,Q WKLV ZD\ WKH VLJQ FDUULHV WZR W\SHV RI LQIRUPDWLRQ DW WKH VXEOH[LFDO OHYHO
7KH LQKHUHQW IHDWXUHV EUDQFK FDSWXUHV DOO RI WKH VLPXOWDQHRXV SKHQRPHQD LQ D VLJQ ZKLOH
WKH SURVRGLF IHDWXUHV EUDQFK FDSWXUHV WKH VHTXHQWLDO SKHQRPHQD %HFDXVH %UHQWDUL YLHZV
KDQGVKDSH DQG SODFH RI DUWLFXODWLRQ 32$ RU ORFDWLRQ DV VWDEOH LQ D VLJQ VKH FDSWXUHV
ERWK XQGHU WKH LQKHUHQW IHDWXUHV QRGH 6HWWLQJ PRYHPHQW ZLWKLQ 32$ DV ZHOO DV KDQG
VKDSH FKDQJHV WKDW DUH QRW SUHGLFWDEOH FRPH XQGHU WKH SURVRGLF IHDWXUHV QRGH %UHQWDUL
DVVRFLDWHV WKH SURVRGLF FKDQJHV EUDQFK WR D WLPLQJ WLHU LQ RUGHU WR FDSWXUH WKH VHTXHQWLDO
FKDQJHV LQ D VLJQ
:KHUHDV 6DQGOHU IRFXVHG RQ KDQG FRQϧJXUDWLRQ LQ KHU PRGHO %UHQWDUL GHYRWHV PRUH
WLPH WR SODFH DQG WKH UHDVRQV IRU JLYLQJ LW DXWRVHJPHQWDO VWDWXV 6KH JLYHV WZR SLHFHV
RI HYLGHQFH ´>SODFH@ FDQ EH HVWDEOLVKHG DV DQ DXWRVHJPHQWDO WLHU EHFDXVH RI LWV VWDELOLW\
DQG LWV DELOLW\ WR FDUU\ PRUSKRORJLFDO VWDWXVµ  %\ VWDELOLW\ %UHQWDUL PHDQV WZR
WKLQJV WKDW SODFH UHVLVWV FKDQJH PRUH VWURQJO\ WKDQ KDQG FRQϧJXUDWLRQ LQ FRPSRXQGV DQG
WKDW PRUSKHPHV DOZD\V RFFXU ZLWKLQ RQH 32$ %\ PRUSKRORJLFDO VWDWXV VKH PHDQV WKH
ZD\ WKDW WKH JUDPPDU XVHV SODFH LQ DJUHHPHQW FRQVWUXFWLRQV
:KLOH WKH 0RYH+ROG PRGHO JLYHV PRYHPHQW D VRPHZKDW PRUH GHSHQGHQW UROH DQG
:LOEXU UHMHFWV PRYHPHQW DV D PDMRU FDWHJRU\ DOWRJHWKHU %UHQWDUL IROORZV 6WRNRH DQG 6DQ
GOHU VHHLQJ PRYHPHQW DV ´QHHGHG LQ $6/ JUDPPDUµ DQG QRW PHUHO\ DV DQ LQWHUSRODWLRQ
IURP VXUURXQGLQJ VHJPHQWV  6KH FODLPV IXUWKHU ´$OO ZHOOIRUPHG PRQRPRU
SKHPLF VLJQV KDYH VRPH W\SH RI PRYHPHQWµ 
%UHQWDUL
V SURVRGLF PRGHO VKRZV D GLϱHUHQW EOHQG RI VLPXOWDQHLW\ DQG VHTXHQWLDOLW\
WKDQ WKDW IRXQG LQ WKH /0/ PRGHO EXW LW LV D EOHQG QRQHWKHOHVV PRWLYDWHG E\ WKH VDPH
REVHUYDWLRQV RI VWDELOLW\ LQ KDQGVKDSH DQG SODFH RI DUWLFXODWLRQ %UHQWDUL
V DQDO\VLV RI
PRYHPHQW IROORZV WKH ZRUN RI 6WRNRH DQG WKH /0/ PRGHO

¬+DQVHQ 
+DQVHQ  UHSUHVHQWV D UHWXUQ WR WKH VHTXHQWLDO FRQFHSWLRQ RI WKH VLJQ IRXQG
LQ /LGGHOO  +DQVHQ IRFXVHV RQ WKH EDVLF VHJPHQW W\SH PRYHPHQW ZKLFK KDG
EHHQ UHODWLYHO\ XQH[SORUHG DQG HYHQ UHMHFWHG DV D SKRQRORJLFDOO\ UHOHYDQW XQLW LQ :LOEXU
 +DQVHQ FRQFHSWXDOL]HV WKH VLJQ DV WKH VHTXHQWLDO DUUDQJHPHQW RI PRYHPHQW DQG
QRQPRYHPHQW VHJPHQWV +HU DSSURDFK LV VLPLODU WR /LGGHOO ·V LQ WKDW ERWK FRQFHS
WXDOL]H WKH VLJQ DORQJ D VHTXHQWLDO V\QWDJPDWLF D[LV ´7KH V\QWDJPDWLF D[LV PD\ EH HP
SLULFDOO\ LGHQWLϧHG« DV RSSRVLWLRQV EHWZHHQ QRQFRQWDFW PRYHPHQWV DQG QRQPRYHPHQW
FRQWDFWVµ +DQVHQ  ,Q DGGLWLRQ WR WKLV EDVLF RSSRVLWLRQ RQ WKH V\QWDJPDWLF
D[LV +DQVHQ  DGGV WZR RWKHU SRWHQWLDO FRPELQDWLRQV ZKLFK DUH DOO DWWHVWHG LQ
$6/ PRYHPHQW ZLWKRXW FRQWDFW PRYHPHQW ZLWK FRQWDFW QRQPRYHPHQW ZLWKRXW FRQWDFW
DQG QRQPRYHPHQW ZLWK FRQWDFW +DQVHQ YLHZV PRYHPHQWV LQ $6/ DV UHOHYDQW GLVFUHWH
DQG LQGHSHQGHQW DQG WKHUHIRUH DV D GLVWLQFW VHJPHQW W\SH FRPSDUHG WR QRQPRYHPHQW

0RGHOV RI WKH VLJQ ZKLFK LQFRUSRUDWH VLPXOWDQHRXV HOHPHQWV GR VR EHFDXVH RI SHU
FHLYHG GLϱHUHQFHV EHWZHHQ VLJQV DQG VSRNHQ ZRUGV ,Q FRQWUDVW /LGGHOO DQG +DQVHQ GH
VFULEH WKH VLJQ
V XQGHUO\LQJ IRUP LQ WHUPV IDPLOLDU WR VSRNHQ ODQJXDJH OLQJXLVWV 2QH DG
YDQWDJH RI WKLV DSSURDFK LV WKDW LW DOORZV VLJQ ODQJXDJH UHVHDUFKHUV WR XVH PHWKRGRORJLHV
GHYHORSHG ZLWKLQ VSRNHQ ODQJXDJH OLQJXLVWLFV )RU H[DPSOH +DQVHQ
V GLVVHUWDWLRQ DGRSWV
WKH PHWKRGRORJ\ GHVFULEHG LQ 3LNH  ZKLFK VHWV RXW D SURFHGXUH IRU LGHQWLI\LQJ
SKRQHPHV LQ VSRNHQ ODQJXDJHV 7KLV ZHOOWHVWHG PHWKRGRORJ\ DOORZV +DQVHQ WR LGHQWLI\
WKH GLPHQVLRQV RI FRQWUDVW WKDW GLVWLQJXLVK PRYHPHQWV LQ $6/ DV ZHOO DV WKH GLVWLQFWLYH
DQG UHFRPELQDQW IHDWXUH YDOXHV ZLWKLQ WKRVH GLPHQVLRQV
+DQVHQ  HVWDEOLVKHV WKH V\QWDJPDWLF D[LV LQ D GLϱHUHQW ZD\ FRPSDUHG WR /LG
GHOO  :KHUH /LGGHOO IRFXVHV RQ WKH SKRQHWLF GLϱHUHQFH EHWZHHQ PRYHPHQW DQG
VWDVLV +DQVHQ LGHQWLϧHV WKH SKRQRORJLFDO RSSRVLWLRQV PRYHPHQW DQG QRQPRYHPHQW
+DQVHQ
V FRQFHSWLRQ RI PRYHPHQW PLJKW DOVR EH GHVFULEHG DV PRUH UREXVW WKDQ /LGGHOO
V
VLQFH /LGGHOO
V PRYHPHQW VHJPHQWV FDQ EH OHIW XQVSHFLϧHG DV GLVFXVVHG DERYH &UXFLDOO\
KRZHYHU ERWK FRQFHSWLRQV RI WKH VLJQ DUH SXUHO\ VHTXHQWLDO DQG GUDZ SDUDOOHOV WR WKH
XQGHUO\LQJ VWUXFWXUH RI VSRNHQ ODQJXDJH ZRUGV

¬$SSURDFK 8VHG LQ WKLV 7KHVLV
7KLV WKHVLV IROORZV /LGGHOO  DQG +DQVHQ  LQ YLHZLQJ WKH VLJQ LQ $IJKDQ
6LJQ /DQJXDJH DV VHTXHQWLDO ZLWK D VHJPHQWDO VWUXFWXUH WKDW LQFOXGHV PRYHPHQW VHJPHQW
W\SHV DW WKH XQGHUO\LQJ OHYHO 7KH FRQFHSWLRQ RI WKH VLJQ DGRSWHG LQ WKLV WKHVLV FDQ LQϩX
HQFH WKH DQDO\VLV RI FRQWUDVW LQ VLJQV ZLWK WZR ORFDWLRQV )RU H[DPSOH LQ WKH DQDORJRXV
SDLU EHORZ WKH KDQGVKDSHV FRQWDFW ϧUVW DW WKH LSVLODWHUDO VLGH RI WKH IRUHKHDG DQG WKHQ
DW WKH FKHHN +RZHYHU WKH ϧUVW ORFDWLRQ LV QRW LGHQWLFDO WKH KDQGVKDSH LQ *(1'(5




$ VHJPHQWOHVV FRQFHSWLRQ RI WKH VLJQ RU RQH WKDW WUHDWV ORFDWLRQ DV D VLQJOH XQLW ZRXOG QRW
ϧQG FRQWUDVW LQ WKLV SDLU +RZHYHU LI WKH FRQFHSWLRQ RI WKH VLJQ LQFOXGHV VHJPHQWV WKH
DQDO\VLV FDQ IRFXV RQ WKH VHFRQG ORFDWLRQ ZKLFK LV LGHQWLFDO DV LV WKH SUHFHGLQJPRYHPHQW
 7KURXJKRXW WKLV WKHVLV WKH LQLWLDO KDQGVKDSH LV SLFWXUHG RQ WKH OHIW XQOHVV RWKHUZLVH QRWHG 6LJQHUV
 IDFHV
KDYH EHHQ EOXUUHG WR SURWHFW SULYDF\

:KLOH WKH EOHQGHG PRGHOV GHVFULEHG DERYH PLJKW DOVR EH DEOH WR FDSWXUH WKH FRQWUDVW
LQ WKH SUHFHGLQJ H[DPSOH WKHUH DUH WZR PDLQ UHDVRQV IRU FKRRVLQJ D SXUHO\ VHTXHQWLDO
PRGHO RI WKH VLJQ LQVWHDG RI D EOHQGHG PRGHO $V WKH SUHFHGLQJ VHFWLRQ VKRZHG PRGHOV
ZKLFK LQFRUSRUDWH VLPXOWDQHRXV HOHPHQWV GR VR EHFDXVH RI WKH VWDELOLW\ RI KDQGVKDSH DQG
ORFDWLRQ LQ WKH VLJQ LQ $PHULFDQ 6LJQ /DQJXDJH +RZHYHU LQ DQ XQGRFXPHQWHG VLJQ
ODQJXDJH VXFK DV $IJKDQ 6LJQ /DQJXDJH QR HYLGHQFH IRU WKHVH JHQHUDOL]DWLRQV KDV \HW
EHHQ VKRZQ )RU H[DPSOH WKH VLJQV $,0 180%(5 DQG ,00(',$7(/< VXJJHVW WKDW
KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH FDQ FKDQJH WKH QXPEHU RI VHOHFWHG ϧQJHUV LQ D VLJQ
VRPHWKLQJ WKDW KDV EHHQ FODLPHG QRW WR RFFXU LQ $PHULFDQ 6LJQ /DQJXDJH 6DQGOHU 





,Q DGGLWLRQ LW KDV QRW \HW EHHQ VKRZQ WKDW KDQGVKDSH FKDQJH LQ $IJKDQ 6LJQ /DQJXDJH LV
DOZD\V SUHGLFWDEOH )RU H[DPSOH WKH LQLWLDO KDQGVKDSHV LQ *(7 +($57 DQG 1,*+7 DUH





,W ZRXOG VHHP SUXGHQW WKHQ WR DGRSW WKH DSSURDFK IRXQG LQ /LGGHOO DQG +DQVHQ ZKLFK
EULQJV IHZHU ODQJXDJHVSHFLϧF SUHFRQFHSWLRQV WR WKH GDWD
6HFRQGO\ DV QRWHG LQ 6HFWLRQ  WKH DSSURDFKHV IRXQG LQ /LGGHOO  DQG
+DQVHQ  IDFLOLWDWH WKH DSSOLFDWLRQ RI WHVWHG VSRNHQ ODQJXDJH PHWKRGRORJLHV LQFOXG
LQJ LQ WKH LGHQWLϧFDWLRQ RI PLQLPDO SDLUV 0RGHOV RI WKH VLJQ WKDW LQFOXGH VLPXOWDQHRXV
HOHPHQWV DUH QRW DV ZHOO WHVWHG DQG DUH WKHUHIRUH SHUKDSV OHVV ULJRURXV )RU H[DPSOH
6DQGOHU 	 /LOOR0DUWLQ  LQFOXGH VHYHUDO H[DPSOHV RI PLQLPDO SDLUV LQ $6/ ZKLFK DUH
QRW FOHDUO\ PLQLPDO 7KH SKRQHWLF PRYHPHQW LQ $6/ &+5,67,$1 GLϱHUV FOHDUO\ LQ GLUHF
WLRQ DQG OHQJWK FRPSDUHG WR WKH PRYHPHQW LQ &200,77(( \HW 6DQGOHU 	 /LOOR0DUWLQ
 FODLP WKDW $6/ &+5,67,$1 LV GLVWLQJXLVKHG IURP &200,77(( E\ GLϱHUHQW
ϧQDO ORFDWLRQV RQO\ +RZHYHU WKH SKRQHWLF PRYHPHQWV SUHFHGLQJ WKH ϧQDO ORFDWLRQV DUH
FOHDUO\ QRW LGHQWLFDO DQG WKH SDLU FDQQRW EH FDOOHG PLQLPDO ,Q DGGLWLRQ 6DQGOHU 	 /LOOR
0DUWLQ  FODLP WKDW $6/ &+$,5 DQG 75$,1 UHSUHVHQW D PLQLPDO SDLU GLϱHULQJ
LQ PRYHPHQW +RZHYHU ERWK WKH LQLWLDO ORFDWLRQV DQG WKH PRYHPHQWV LQ WKH WZR VLJQV
DUH GLϱHUHQW SKRQHWLFDOO\ RQO\ WKH ϧQDO ORFDWLRQV PLJKW EH FRQVLGHUHG LGHQWLFDO ,W LV
WKHUHIRUH KDUG WR VHH KRZ WKLV SDLU FDQ EH FRQVLGHUHG PLQLPDO ,Q FRQWUDVW WKLV WKHVLV
DWWHPSWV WR IROORZ WKH PHWKRGRORJ\ IRXQG LQ VSRNHQ ODQJXDJH DQDO\VHV RI FRQWUDVW ZKLFK
UHTXLUH LGHQWLFDO RU QHDU LGHQWLFDO SKRQHWLF HQYLURQPHQWV WR GHPRQVWUDWH FRQWUDVW
6HFWLRQ  PHQWLRQHG WKDW WKHUH DUH  VHSDUDWH SKRQHWLF KDQGVKDSHV IRXQG LQ WKH
GDWD :KLOH D FRPSOHWH DQDO\VLV VKRXOG DFFRXQW IRU DOO RI WKHVH KDQGVKDSHV WKLV WKHVLV
GRHV QRW DWWHPSW WR GR VR IRU WKUHH PDLQ UHDVRQV )LUVWO\ WKLV WKHVLV IRFXVHV RQ IHDWXUHV
WKDW FDQ EH HVWDEOLVKHG E\ FRQWUDVW DQG ZKLFK WKHUHIRUH SURYLGH D VROLG IRXQGDWLRQ IRU

IXWXUH UHVHDUFK &KDSWHUV  DQG  ORRN DW KDQGVKDSHV ERUURZHG IURP WKH ϧQJHUVSHOOLQJ
DOSKDEHW IURP $PHULFDQ 6LJQ /DQJXDJH DQG IURP WKH JHVWXUH V\VWHP RI WKH PDMRULW\
FRPPXQLW\ 7KH IHDWXUH V\VWHP SURSRVHG KHUH FDQQRW DFFRXQW IRU WKH SKRQHWLF YDULDWLRQ
LQ D QXPEHU RI WKHVH KDQGVKDSHV +RZHYHU UDWKHU WKDQ H[SDQGLQJ WKH IHDWXUH V\VWHP WR
LQFRUSRUDWH IHDWXUHV ZKLFK DUH QRW FRQWUDVWLYH LQ WKH GDWD &KDSWHUV  DQG  GLVWLQJXLVK
EHWZHHQ KDQGVKDSHV QDWLYH WR $IJKDQ 6LJQ /DQJXDJH IRU ZKLFK WKH IHDWXUH V\VWHP VKRXOG
DFFRXQW DQG ERUURZHG KDQGVKDSHV 6XJJHVWLRQV DUH PDGH IRU IHDWXUHV WR DFFRXQW IRU
ERUURZHG KDQGVKDSHV EXW WKHVH IHDWXUHV DUH QRW LQFRUSRUDWHG LQWR WKH IHDWXUH V\VWHP
SUHVHQWHG LQ &KDSWHU  ,Q DGGLWLRQ &KDSWHU  SURSRVHV WHQWDWLYH IHDWXUHV IRU SUREOHPDWLF
QDWLYH KDQGVKDSHV WKDW WKH IHDWXUH V\VWHP GRHV QRW KDQGOH ZHOO 7KHVH IHDWXUHV WRR DUH
QRW LQFRUSRUDWHG LQWR WKH IHDWXUH V\VWHP EXW DUH SURSRVHG DV LGLRV\QFUDWLF FDVHV LQ WKH
VPDOO VXEVHW RI SUREOHPDWLF KDQGVKDSHV
6HFRQGO\ WKH IHDWXUH V\VWHP SURSRVHG KHUH FDSWXUHV WKH FXUUHQW VWDJH RI GHYHORSPHQW
RI $IJKDQ 6LJQ /DQJXDJH $V GHVFULEHG LQ 6HFWLRQV  DQG  LW VHHPV WKDW $IJKDQ
6LJQ /DQJXDJH LV D UHODWLYHO\ \RXQJ ODQJXDJH DQG WKDW WKH $IJKDQ 'HDI FRPPXQLW\ LV
UHODWLYHO\ VPDOO ,W LV SRVVLEOH WKDW WKH ODQJXDJH FRXOG VHH VLJQLϧFDQW FKDQJH LQ WKH FRPLQJ
GHFDGHV DQG WKDW WKH IHDWXUH V\VWHP ZLOO JURZ DV IHDWXUHV IURP ERUURZHG KDQGVKDSHV DUH
LQFRUSRUDWHG LQWR WKH V\VWHP $W SUHVHQW WKRXJK D IHDWXUH V\VWHP SURSRVLQJ MXVW 
H[SHFWHG IHDWXUH FRPELQDWLRQV DFFRXQWV IRU WKH QDWLYH KDQGVKDSHV LQ WKH GDWD ZLWK VL[
H[FHSWLRQV $ IHDWXUH V\VWHP WKDW SURSRVHV IHDWXUHV WR FRYHU DOO RI WKH SKRQHWLF YDULDWLRQ
PLJKW REVFXUH WKLV REVHUYDWLRQ
7KLUGO\ DQ DSSURSULDWHO\ WLJKW IHDWXUH V\VWHP ZLOO QRW SUHGLFW IHDWXUH FRPELQDWLRQV
WKDW GR QRW RFFXU LQ WKH ODQJXDJH 2I WKH  H[SHFWHG IHDWXUH FRPELQDWLRQV SURSRVHG
KHUH  DUH IRXQG LQ WKH GDWD 7KUHH RI WKH PLVVLQJ IHDWXUH FRPELQDWLRQV LQFOXGH WKH
VHOHFWHG ϧQJHUV IHDWXUH >WKUHH@ %HFDXVH WKHUH DUH RQO\ ϧYH KDQGVKDSHV LQ WKH GDWD ZLWK
WKH IHDWXUH >WKUHH@ WKH JDSV LQ WKH IHDWXUH FRPELQDWLRQV FDQ EH H[SHFWHG ,Q FRQWUDVW
LI H[WUD IHDWXUHV WKDW DUH QRW FRQWUDVWLYH DUH DGGHG WR WKH IHDWXUH V\VWHP WKH QXPEHU RI
H[SHFWHG EXW XQDWWHVWHG IHDWXUH FRPELQDWLRQV ZLOO LQFUHDVH VLJQLϧFDQWO\
,Q VXPPDU\ WKH DSSURDFK WDNHQ LQ WKLV WKHVLV LV WR HVWDEOLVK IHDWXUHV ZLWK HYLGHQFH
RI FRQWUDVW &RQWUDVWLYH IHDWXUHV DUH WKH IRFXV RI WKH QH[W FKDSWHU &KDSWHU  VKRZV KRZ

WKHVH IHDWXUHV FRPELQH LQ WKH GDWD WR IRUP QDWLYH KDQGVKDSHV &KDSWHUV  DQG  GLVFXVV
SUREOHPDWLF DQG ERUURZHG KDQGVKDSHV DQG VXJJHVW SRWHQWLDO IHDWXUHV IRU KDQGVKDSHV WKDW
WKH IHDWXUH V\VWHP GRHV QRW KDQGOH ZHOO

&+$37(5 
'LPHQVLRQV RI &RQWUDVW DQG )HDWXUHV
7KH SXUSRVH RI WKLV FKDSWHU LV WZRIROG WR VKRZ WKDW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQ
JXDJH FRQWUDVW EDVHG RQ IRXU GLPHQVLRQV DQG WR SUHVHQW WKH IHDWXUHV ZLWKLQ HDFK GLPHQ
VLRQ &KDSWHU  VKRZHG WKDW VLJQ ODQJXDJH OLQJXLVWV GLVSXWH WKH H[DFW QXPEHU RI SKRQRORJ
LFDO SDUDPHWHUV RI WKH VLJQ LQ $PHULFDQ 6LJQ /DQJXDJH DV ZHOO DV WKH UHODWLRQVKLS RI WKRVH
SDUDPHWHUV WR HDFK RWKHU +RZHYHU DOO RI WKH PRGHOV DERYH DJUHH WKDW KDQGVKDSH UHSUH
VHQWV D SKRQRORJLFDOO\ UHOHYDQW SDUDPHWHU LQ $PHULFDQ 6LJQ /DQJXDJH 7KLV LV DOVR WUXH RI
$IJKDQ 6LJQ /DQJXDJH 6LJQV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG RQ WKH KDQGVKDSH
SDUDPHWHU RU GRPDLQ RI FRQWUDVW DV )LJXUHV  DQG  VKRZ
)LJXUH  0<7+ DQG /$1*8$*(
)LJXUH  '$5, DQG 386+72

0<7+ DQG /$1*8$*( LQFOXGH LGHQWLFDO FLUFXODU PRYHPHQWV DW LGHQWLFDO ORFDWLRQV WKH
VLJQV GLϱHU RQO\ LQ KDQGVKDSH 7KLV LV DOVR WKH FDVH ZLWK WKH VLJQV '$5, DQG 386+72
ZKLFK KDYH LGHQWLFDO FLUFXODU PRYHPHQWV DW LGHQWLFDO ORFDWLRQV EXW ZKLFK GLϱHU LQ KDQG
VKDSH
)XUWKHUPRUH  DQG  EHORZ VKRZ WKDW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH FRQ
WUDVW EDVHG RQ WKHLU SKRQRORJLFDOO\ UHOHYDQW SDUWV )RU H[DPSOH WKH IRXU VHOHFWHG ϧQJHUV
LQ >@ FRQWUDVW ZLWK WKH RQH VHOHFWHG ϧQJHU LQ >@ LQ WKH PLQLPDO SDLU LQ 




,Q DGGLWLRQ WKH RSSRVHG WKXPE FRQϧJXUDWLRQ LQ >@ FRQWUDVWV ZLWK WKH UDGLDO WKXPE
FRQϧJXUDWLRQ LQ >@ LQ WKH DQDORJRXV SDLU LQ 
 $SSHQGL[ $ SURYLGHV D JXLGH IRU XQGHUVWDQGLQJ WKH +DP1R6\V V\PEROV XVHG LQ WKLV WKHVLV
 7KH VLJQV
 LQLWLDO ORFDWLRQV DUH SLFWXUHG RQ WKH ULJKW LQ RUGHU WR UHϩHFW WKH VLJQV
 PRYHPHQWV





,Q WKH H[DPSOHV DERYH WKHUH DUH WZR SRWHQWLDO GLPHQVLRQV RI FRQWUDVW VHOHFWHG ϧQJHUV
DQG WKXPE FRQϧJXUDWLRQ 7KHUH LV DQ LPSRUWDQW GLϱHUHQFH EHWZHHQ 6DQGOHU 	 /LOOR0DUWLQ

V PRGHO ZKLFK ZDV FUHDWHG ZLWKLQ WKH WKHRU\ RI 'HSHQGHQF\ 3KRQRORJ\ DQG WKH
DQDO\VLV RI KDQGVKDSH LQ WKLV WKHVLV 7KLV WKHVLV SURSRVHV WKDW WKXPE FRQϧJXUDWLRQ LV D
GLPHQVLRQ RI FRQWUDVW DW WKH VDPH OHYHO DV VHOHFWHG ϧQJHUV DQG WKDW HYHU\ KDQGVKDSH LQ
$IJKDQ 6LJQ /DQJXDJH KDV D IHDWXUH VSHFLϧHG IRU WKXPE FRQϧJXUDWLRQ ,Q FRQWUDVW 6DQGOHU
	 /LOOR0DUWLQ  RQO\ VSHFLI\ WKXPE FRQϧJXUDWLRQ ZKHQ LW FDQQRW EH KDQGOHG E\
WKH VHOHFWHG ϧQJHUV IHDWXUH 6HFWLRQ  SURYLGHV UHDVRQV IRU WKH QHHG WR VSHFLI\ WKXPE
FRQϧJXUDWLRQ IHDWXUHV
,Q DGGLWLRQ WR VHOHFWHG ϧQJHUV DQG WKXPE FRQϧJXUDWLRQ 6HFWLRQV  DQG  SUHVHQW
HYLGHQFH IRU WZR DGGLWLRQDO GLPHQVLRQV RI FRQWUDVW DUUDQJHPHQW DQG DSHUWXUH 7KLV FKDS
WHU SUHVHQWV WKHVH IRXU GLPHQVLRQV RI FRQWUDVW DV ZHOO DV WKH IHDWXUHV ZLWKLQ HDFK GLPHQ
VLRQ 6HFWLRQ  GLVFXVVHV WKH VHOHFWHG ϧQJHUV IHDWXUHV >RQH@ >WZR@ >WKUHH@ DQG >IRXU@

ZKLFK UHIHU WR WKH QXPEHU RI VHOHFWHG ϧQJHUV LQ D KDQGVKDSH 6HFWLRQ  GLVFXVVHV WKH
WKXPE FRQϧJXUDWLRQ IHDWXUHV >RSSRVHG@ >UDGLDO@ DQG >FRQWDFWLQJ@ ZKLFK UHIHU WR WKH
WKXPE
V SRVWXUH 6HFWLRQ  GLVFXVVHV WKH DUUDQJHPHQW IHDWXUHV >VSUHDG@ >MRLQHG@ DQG
>FURVVHG@ ZKLFK UHIHU WR WKH SRVLWLRQ RI WKH VHOHFWHG ϧQJHUV UHODWLYH WR HDFK RWKHU 6HF
WLRQ  GLVFXVVHV WKH DSHUWXUH IHDWXUHV >RSHQ@ DQG >FORVHG@ ZKLFK UHIHU WR WKH GHJUHH RI
EHQGLQJ RI WKH VHOHFWHG ϧQJHUV
&KDSWHU  GHVFULEHV LQ GHWDLO KRZ WKHVH SURSRVHG IHDWXUHV FRPELQH )RU QRZ DV DQ
DLG WR WKH UHDGHU )LJXUH  SUHVHQWV H[DPSOHV RI WKH KDQGVKDSHV WKDW WKLV IHDWXUH V\VWHP
SURGXFHV




























7KH SXUSRVH RI WKLV VHFWLRQ LV WR VKRZ WKDW VHOHFWHG ϧQJHUV LV D GLPHQVLRQ RI FRQWUDVW
LQ $IJKDQ 6LJQ /DQJXDJH DQG WKDW WKH IHDWXUHV >RQH@ >WZR@ >WKUHH@ DQG >IRXU@ DUH WKH
SRWHQWLDO YDOXHV ZLWKLQ WKLV GLPHQVLRQ 7KH IHDWXUH >RQH@ UHIHUV WR WKH LQGH[ ϧQJHU >WZR@
UHIHUV WR WKH LQGH[ DQG PLGGOH ϧQJHUV >WKUHH@ UHIHUV WR WKH LQGH[ PLGGOH DQG ULQJ ϧQJHUV
DQG >IRXU@ UHIHUV WR WKH LQGH[ PLGGOH ULQJ DQG OLWWOH ϧQJHUV 2QO\ RQH IHDWXUH LQ WKH
VHOHFWHG ϧQJHUV GLPHQVLRQ RI FRQWUDVW LV VSHFLϧHG IRU QDWLYH KDQGVKDSHV LQ $IJKDQ 6LJQ
/DQJXDJH &KDSWHUV  DQG  GLVFXVV SUREOHPDWLF KDQGVKDSHV DQG QRQQDWLYH KDQGVKDSHV
WKDW UHTXLUH WKH IHDWXUHV >PLGGOH@ DQG >OLWWOH@
6WRNRH
V PRGHO VHHV KDQGVKDSH DV D XQLW ZLWKRXW LQWHUQDO VWUXFWXUH +RZHYHU HVSH
FLDOO\ VLQFH 0DQGHO  UHVHDUFKHUV KDYH UHFRJQL]HG WKDW KDQGVKDSHV DUH PDGH XS RI
SDUWV DW WKH SKRQRORJLFDO OHYHO $FFRUGLQJ WR YDQ GHU .RRLM  RQH UHDVRQ IRU WKLV
UHDOL]DWLRQ ZDV WKH UHFRJQLWLRQ WKDW WKH ϧQJHUV LQYROYHG LQ KDQGVKDSH FKDQJH DUH JHQHU
DOO\ VWDEOH :LWKLQ WKHLU PRGHOV RI KDQGVKDSH 6DQGOHU 	 /LOOR0DUWLQ  %UHQWDUL
HW DO  DQG RWKHUV JLYH SURPLQHQFH WR VHOHFWHG ϧQJHUV 0DQGHO  GHϧQHG
VHOHFWHG ϧQJHUV DV WKRVH ZKLFK DUH LQ IRFXV RU SURPLQHQW DV FLWHG LQ YDQ GHU .RRLM
 7KLV PHDQV WKDW WKH VHOHFWHG ϧQJHUV FDQ PRYH LH H[KLELW WKH KDQG LQ
WHUQDO PRYHPHQW SRLQWDQG PDNH FRQWDFW ZLWK D VSHFLϧHG ORFDWLRQ 0DQGHO 
DV FLWHG LQ YDQ GHU .RRLM  ,Q 6DQGOHU 	 /LOOR0DUWLQ 
V GHSHQGHQF\
KDQG FRQϧJXUDWLRQ PRGHO VHOHFWHG ϧQJHUV LV WKH KHDG QRGH ZKLFK GRPLQDWHV RWKHU QRGHV
LQFOXGLQJ 7KXPE DQG 3RVLWLRQ DV ZHOO DV 8QVHOHFWHG )LQJHUV DQG 2ULHQWDWLRQ
7KH VRFDOOHG FORVHG KDQGVKDSHV SUHVHQW D VSHFLDO FDVH +DQGVKDSHV ZLWK IRXU EHQW
ϧQJHUV LQ ZKLFK WKH WLSV RI WKH ϧQJHUV WRXFK WKH SDOP VHHP WR KDYH QR VHOHFWHG ϧQ
JHUV DFFRUGLQJ WR WKH GHϧQLWLRQ SUHVHQWHG DERYH +RZHYHU WKLV WKHVLV JLYHV WKH FORVHG
KDQGVKDSHV IRXU VHOHFWHG ϧQJHUV IRU WZR PDLQ UHDVRQV )LUVWO\ 6DQGOHU 	 /LOOR0DUWLQ

V PRGHO ZKLFK DGRSWV WKH DQDO\VLV RI VHOHFWHG ϧQJHU IHDWXUHV LQ %UHQWDUL HW DO
 KDV WKH IHDWXUHV >2QH@ >8OQDU@ DQG >$OO@ XQGHU WKH )LQJHUV QRGH DQG FORVHG
KDQGVKDSHV DUH JLYHQ WKH IHDWXUH >$OO@ ZKLFK FRUUHVSRQGV WR WKH IHDWXUH >IRXU@ SURSRVHG
KHUH 6HFRQGO\ UHVHDUFKHUV KDYH QRWHG WKDW WKH VHOHFWHG ϧQJHUV VSHFLϧFDWLRQ LV JHQHUDOO\

VWDEOH ZLWKLQ D VLJQ 7KLV PHDQV WKDW ZKLOH KDQGVKDSHV RIWHQ FKDQJH ZLWKLQ D VLJQ WKH\
WHQG QRW WR FKDQJH WKH VHOHFWHG ϧQJHUV VSHFLϧFDWLRQ 6DQGOHU 	 /LOOR0DUWLQ  DQG
YDQ GHU .RRLM  UHODWH WKLV JHQHUDOL]DWLRQ WR WKH VLJQ DQG PRUSKHPH OHYHO UHVSHF
WLYHO\ ZKLOH 3HUOPXWWHU  UHODWHV LW WR WKH V\OODEOH OHYHO 7KHUH DUH VHYHUDO H[DPSOHV
LQ WKH GDWD LQ ZKLFK KDQGVKDSHV ZLWK IRXU VHOHFWHG ϧQJHUV FKDQJH WR FORVHG KDQGVKDSHV




7KH FKDQJHV LQ KDQGVKDSH DERYH DUH FKDQJHV LQ DSHUWXUH IURP RSHQ WR FORVHG DQG QRW
FKDQJHV WR WKH QXPEHU RI VHOHFWHG ϧQJHUV
7KLV VHFWLRQ QRZ VKRZV WKDW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW PLQLPDOO\
EDVHG RQ WKH QXPEHU RI VHOHFWHG ϧQJHUV 7DEOH  SUHVHQWV WKH H[DPSOHV ZKLFK GHPRQVWUDWH
FRQWUDVW EHWZHHQ WKH VHOHFWHG ϧQJHUV IHDWXUHV

7DEOH  ([DPSOHV RI &RQWUDVW LQ 6HOHFWHG )LQJHUV )HDWXUHV
>RQH@ >WZR@ >WKUHH@ >IRXU@




,Q WKH DQDORJRXV SDLU LQ  >@ LQ 1(*$7,9( KDV RQH VHOHFWHG ϧQJHU ZKLOH >@ LQ (48$/
KDV WZR VHOHFWHG ϧQJHUV




,Q DGGLWLRQ LQ WKH DQDORJRXV SDLU LQ  >@ LQ 3/$&(0(17 7(67 KDV RQH VHOHFWHG ϧQJHU
ZKLOH >@ LQ *5$0 KDV WZR VHOHFWHG ϧQJHUV
 7KH LQLWLDO ORFDWLRQ LV SLFWXUHG RQ WKH ULJKW LQ )LJXUHV  DQG 

 D Ì±ÃÆ07Ë(ÇÆKOËOKÇqmq7ZÄ7Å¸c  3/$&(0(17 7(67
E Ì±ÃÆ'7Ë(ÇÆKOËOKÇqmq *5$0
)LJXUH  3/$&(0(17 7(67
)LJXUH  *5$0
,Q WKH DQDORJRXV SDLU LQ  >@ LQ 0$5*,1 KDV RQH VHOHFWHG ϧQJHU ZKLOH >_`a@ LQ
&+$57 KDV WKUHH VHOHFWHG ϧQJHUV





,Q WKH PLQLPDO SDLU LQ  LQ 6HFWLRQ  >@ LQ $57,&/( KDV RQH VHOHFWHG ϧQJHU ZKLOH
>@ LQ &+$37(5 KDV IRXU VHOHFWHG ϧQJHUV ,Q DGGLWLRQ LQ WKH DQDORJRXV SDLU LQ  >@
KDV RQH VHOHFWHG ϧQJHU LQ 1$552: ZKLOH >@ KDV IRXU VHOHFWHG ϧQJHUV LQ 1(,7+(5




,Q WKH DQDORJRXV SDLU LQ  >@ KDV WZR VHOHFWHG ϧQJHUV LQ 7(67,021,$/ ZKLOH >_`a@
KDV WKUHH VHOHFWHG ϧQJHUV LQ &(57,),&$7(





,Q WKH DQDORJRXV SDLU LQ  >@ LQ 48((1 KDV WZR VHOHFWHG ϧQJHUV ZKLOH >@ LQ .,1*
KDV IRXU VHOHFWHG ϧQJHUV
 D 5;¸[ 48((1
E 5;¸[ .,1*
 7KHUH LV QR YLGHR ϧOH RI WKH VLJQ .,1* LQ WKH GDWD IRU WKLV WKHVLV +RZHYHU WKH OLQHGUDZLQJ LQ )LJXUH





,Q WKH PLQLPDO SDLU LQ  >_`a@ KDV WKUHH VHOHFWHG ϧQJHUV LQ &+$57 ZKLOH >@ KDV
IRXU VHOHFWHG ϧQJHUV LQ 3267(5





7KHUHIRUH ZLWKLQ WKH VHOHFWHG ϧQJHUV GLPHQVLRQ RI FRQWUDVW WKHUH DUH IRXU IHDWXUHV LQ
WKH GDWD >RQH@ >WZR@ >WKUHH@ DQG >IRXU@
¬7KXPE &RQϧJXUDWLRQ
7KH SXUSRVH RI WKLV VHFWLRQ LV WR VKRZ WKDW WKXPE FRQϧJXUDWLRQ LV D GLPHQVLRQ RI FRQ
WUDVW LQ $IJKDQ 6LJQ /DQJXDJH DQG WKDW WKH IHDWXUHV >RSSRVHG@ >UDGLDO@ DQG >FRQWDFWLQJ@
DUH WKH SRWHQWLDO YDOXHV ZLWKLQ WKLV GLPHQVLRQ
6HFWLRQ  PHQWLRQHG WKDW UHVHDUFKHUV VXFK DV 6DQGOHU 	 /LOOR0DUWLQ  DQG
%UHQWDUL HW DO  SODFH WKXPE FRQϧJXUDWLRQ XQGHU WKH VHOHFWHG ϧQJHUV QRGHV LQ
WKHLU UHVSHFWLYH PRGHOV RI KDQG FRQϧJXUDWLRQ ZKLOH WKLV WKHVLV JLYHV WKXPE FRQϧJXUDWLRQ
HTXDO VWDWXV WR VHOHFWHG ϧQJHUV DV D GLPHQVLRQ RI FRQWUDVW ZLWKLQ WKH KDQGVKDSH GRPDLQ RI
FRQWUDVW ,Q DGGLWLRQ WKXPE FRQϧJXUDWLRQ GRHV QRW QHHG WR EH VSHFLϧHG LQ WKH WZR GHSHQ
GHQF\ PRGHOV ZKHUHDV WKLV WKHVLV FODLPV WKDW HYHU\ KDQGVKDSH LQ $IJKDQ 6LJQ /DQJXDJH
KDV D IHDWXUH IRU WKXPE FRQϧJXUDWLRQ
7KH GHSHQGHQF\ PRGHOV WU\ WR FDSWXUH WKH JHQHUDOL]DWLRQ WKDW WKH WKXPE
V SRVWXUH LV
RIWHQ WKH VDPH DV WKH SRVWXUH RI WKH VHOHFWHG ϧQJHUV 7KLV LV LQGHHG WKH FDVH LQ VHYHUDO
KDQGVKDSHV VXFK DV >@ DQG >@ LQ ZKLFK RQH IHDWXUH FDQ FRYHU WKH SRVWXUHV RI ERWK WKH
VHOHFWHG ϧQJHUV DQG WKH WKXPE ,Q WKLV ZD\ WKH PRGHOV UHSUHVHQW UHODWLYH PDUNHGQHVV LQ
WHUPV RI UHODWLYH FRPSOH[LW\ 6DQGOHU 	 /LOOR0DUWLQ  7KLV PHDQV WKDW ZKHQ
PRUH IHDWXUHV DUH VSHFLϧHG WKH KDQGVKDSH LV PRUH PDUNHG
+RZHYHU WKHUH LV D GLϫFXOW\ ZLWK WKLV PRGHO )RU D KDQGVKDSH VXFK DV >@ LQ ZKLFK
WKH VHOHFWHG ϧQJHU LV H[WHQGHG EXW WKH WKXPE LV RSSRVHG WKH GHSHQGHQF\ PRGHO DFWLYDWHV

WKH WKXPE FRQϧJXUDWLRQ QRGH DQG FKRRVHV WKH IHDWXUH >RSSRVHG@ $FFRUGLQJ WR WKH PRGHO
WKHQ >@ LV UHODWLYHO\ PRUH PDUNHG WKDQ >@ IRU H[DPSOH +RZHYHU DV 6DQGOHU 	 /LOOR
0DUWLQ  QRWH >@ LV DPRQJ WKH VHW RI XQPDUNHG KDQGVKDSHV ZKLFK LV RQH
RI WKH PRWLYDWLRQV IRU WKH WUHDWPHQW RI KDQG FRQϧJXUDWLRQ LQ D GHSHQGHQF\ PRGHO
7KLV WKHVLV IROORZV 6DQGOHU 	 /LOOR0DUWLQ  LQ UHFRJQL]LQJ WKH IHDWXUHV >RS
SRVHG@ DQG >UDGLDO@ LQ WKH WKXPE FRQϧJXUDWLRQ GRPDLQ RI FRQWUDVW 7KH SKRQHWLF LPSOH
PHQWDWLRQ RI WKH IHDWXUH >UDGLDO@ FDQ EH DGMDFHQW H[WHQGHG RU IRUZDUG WKXPE SRVWXUHV
7KHVH WKXPE SRVWXUHV GR QRW FRQWUDVW LQ WKH GDWD ,Q DGGLWLRQ WKLV WKHVLV DOVR SURSRVHV D
WKLUG WKXPE FRQϧJXUDWLRQ IHDWXUH IRU $IJKDQ 6LJQ /DQJXDJH >FRQWDFWLQJ@ ,Q WKH GDWD
>RSSRVHG@ FRPELQHV ZLWK WKH VHOHFWHG ϧQJHUV IHDWXUHV >RQH@ >WZR@ >WKUHH@ DQG >IRXU@
>UDGLDO@ FRPELQHV ZLWK >RQH@ >WZR@ DQG >IRXU@ EXW QRW ZLWK >WKUHH@ DQG >FRQWDFWLQJ@
FRPELQHV ZLWK >RQH@ >WZR@ DQG >IRXU@ &KDSWHU  SURYLGHV D GHWDLOHG ORRN DW WKH GLV
WULEXWLRQ RI KDQGVKDSHV LQ WKH GDWD DFURVV IHDWXUH FRPELQDWLRQV ([DPSOHV RI WKH WKUHH
WKXPE FRQϧJXUDWLRQ IHDWXUHV DUH VKRZQ LQ )LJXUHV  WKURXJK  EHORZ
)LJXUH  7KH 7KXPE &RQϧJXUDWLRQ )HDWXUH >RSSRVHG@ ZLWK >RQH@ >WZR@ >WKUHH@ DQG
>IRXU@
)LJXUH  7KH 7KXPE &RQϧJXUDWLRQ )HDWXUH >UDGLDO@ ZLWK >RQH@ >WZR@ DQG >IRXU@

)LJXUH  7KH 7KXPE &RQϧJXUDWLRQ )HDWXUH >FRQWDFWLQJ@ ZLWK >RQH@ >WZR@ DQG >IRXU@
7DEOH  SUHVHQWV WKH H[DPSOHV ZKLFK GHPRQVWUDWH FRQWUDVW EHWZHHQ WKH WKXPE FRQ
ϧJXUDWLRQ IHDWXUHV
7DEOH  ([DPSOHV RI &RQWUDVW LQ 7KXPE &RQϧJXUDWLRQ )HDWXUHV
>RSSRVHG@ >UDGLDO@ >FRQWDFWLQJ@
>RSSRVHG@     
>UDGLDO@  
>FRQWDFWLQJ@
7KH PDLQ UHDVRQ IRU LQFOXGLQJ WKH IHDWXUH >FRQWDFWLQJ@ UHODWHV WR WKH PLQLPDO SDLU
LQ  ZKLFK VKRZV WKDW WKH FRQWDFWLQJ WKXPE SRVWXUH LQ >f@ FRQWUDVWV ZLWK WKH UDGLDO
WKXPE SRVWXUH LQ >@ 7KH KDQGVKDSHV KDYH WKH VDPH QXPEHU RI VHOHFWHG ϧQJHUV DQG
WKH VDPH EDVLF SRVWXUH WKH RQO\ GLϱHUHQFH LV FRQWDFW ZKLFK LV QRW UHSUHVHQWHG LQ 6DQGOHU
	 /LOOR0DUWLQ 
V PRGHO
 D f6OIRo5 /,1(
E &6OJRo5 6(17(1&(




,Q DGGLWLRQ LQ WKH DQDORJRXV SDLU LQ  >@ KDV D UDGLDO WKXPE SRVWXUH LQ $*$,1 ZKLOH
>@ KDV D FRQWDFWLQJ WKXPE SRVWXUH LQ 5(*,675$7,21 %22.
 D (7JNÄs¥'/6ÅZÄ/1Å¸cOK $*$,1
E Í±(7Z¸K1]¸07JOÄs¥'5ÅZÄ(1Å¸cOK 5(*,675$7,21 %22.
)LJXUH  $*$,1

)LJXUH  5(*,675$7,21 %22.
7KLV VHFWLRQ QRZ SUHVHQWV FRQWUDVWLYH HYLGHQFH IRU WKH UHPDLQLQJ WKXPE FRQϧJXUDWLRQ
IHDWXUHV ,Q WKH DQDORJRXV SDLU LQ  LQ 6HFWLRQ  >@ KDV DQ RSSRVHG WKXPE SRVWXUH LQ
(48$/ ZKLOH >@ KDV D UDGLDO WKXPE SRVWXUH LQ *5$00$5  LV UHSHDWHG KHUH DV
)LJXUHV  DQG 
)LJXUH  (48$/
)LJXUH  *5$00$5
,Q DGGLWLRQ LQ WKH DQDORJRXV SDLU LQ  >@ KDV DQ RSSRVHG WKXPE SRVWXUH LQ 0,187(
ZKLOH >@ KDV D UDGLDO WKXPE SRVWXUH LQ $)7(5





,Q WKH DQDORJRXV SDLU LQ  >@ KDV DQ RSSRVHG WKXPE SRVWXUH LQ +$1',:25. ZKLOH
>@ KDV D FRQWDFWLQJ WKXPE SRVWXUH LQ 180%(5





,Q DGGLWLRQ LQ WKH DQDORJRXV SDLU LQ  >@ KDV DQ RSSRVHG WKXPE SRVWXUH LQ 23326,7(
ZKLOH >@ KDV D FRQWDFWLQJ WKXPE SRVWXUH LQ 1$552:




)XUWKHU LQ WKH DQDORJRXV SDLU LQ  KDV DQ RSSRVHG WKXPE SRVWXUH LQ &20387(5 ZKLOH
KDV D FRQWDFWLQJ WKXPE SRVWXUH LQ 5(&7$1*/(





7KHUHIRUH WKHUH DUH WKUHH WKXPE FRQϧJXUDWLRQ IHDWXUHV LQ WKH GDWD >RSSRVHG@ >UD
GLDO@ DQG >FRQWDFWLQJ@
¬$UUDQJHPHQW
7KH SXUSRVH RI WKLV VHFWLRQ LV WR VKRZ WKDW DUUDQJHPHQW LV D GLPHQVLRQ RI FRQWUDVW LQ
$IJKDQ 6LJQ /DQJXDJH DQG WKDW WKH IHDWXUHV >VSUHDG@ >MRLQHG@ DQG >FURVVHG@ DUH WKH SR
WHQWLDO YDOXHV ZLWKLQ WKLV GLPHQVLRQ $UUDQJHPHQW UHIHUV WR WKH SRVLWLRQ RI WKH VHOHFWHG ϧQ
JHUV UHODWLYH WR HDFK RWKHU 7KH IHDWXUHV >VSUHDG@ DQG >MRLQHG@ RFFXU ZLWK >WZR@ >WKUHH@
DQG >IRXU@ VHOHFWHG ϧQJHUV LQ WKH GDWD EXW DUH LUUHOHYDQW IRU KDQGVKDSHV ZLWK WKH IHDWXUH
>RQH@ 7KH IHDWXUH >FURVVHG@ LV RQO\ IRXQG LQ KDQGVKDSHV ZLWK >WZR@ VHOHFWHG ϧQJHUV
([DPSOHV RI WKH WKUHH DUUDQJHPHQW IHDWXUHV DUH VKRZQ LQ )LJXUHV  WKURXJK  EHORZ

)LJXUH  7KH $UUDQJHPHQW )HDWXUH >VSUHDG@ ZLWK >WZR@ >WKUHH@ DQG >IRXU@
)LJXUH  7KH $UUDQJHPHQW )HDWXUH >MRLQHG@ ZLWK >WZR@ >WKUHH@ DQG >IRXU@
)LJXUH  7KH $UUDQJHPHQW )HDWXUH >FURVVHG@ ZLWK >WZR@
6DQGOHU 	 /LOOR0DUWLQ  UHFRJQL]H WKH IHDWXUH >VSUHDG@ GLUHFWO\ XQGHU WKH
6HOHFWHG ϧQJHUV QRGH LQ WKHLU PRGHO RI KDQG FRQϧJXUDWLRQ ZKLOH %UHQWDUL HW DO 
SUHVHQW WKH IHDWXUHV >VSUHDG@ >DGGXFW@ DQG >FURVV@ XQGHU WKH 6SUHDGLQJ QRGH LQ WKH
2QH RYHU $OO PRGHO 7KDW WKH PRGHO LQ 6DQGOHU 	 /LOOR0DUWLQ  GRHV QRW LQFOXGH
D IHDWXUH IRU WKH MRLQHG VHOHFWHG ϧQJHUV SRVWXUH VXJJHVWV WKDW KDQGVKDSHV ZLWK MRLQHG
VHOHFWHG ϧQJHUV DUH XQPDUNHG +RZHYHU DV DQ LQLWLDO DQDO\VLV RI $IJKDQ 6LJQ /DQJXDJH
WKLV WKHVLV DYRLGV DVVXPSWLRQV DERXW PDUNHGQHVV DQG IROORZV %UHQWDUL HW DO  LQ
UHFRJQL]LQJ WKUHH IHDWXUHV LQ WKH DUUDQJHPHQW GLPHQVLRQ RI FRQWUDVW ZKLFK DUH KHUH FDOOHG
>VSUHDG@ >MRLQHG@ DQG >FURVVHG@

7DEOH  SUHVHQWV WKH H[DPSOHV ZKLFK GHPRQVWUDWH FRQWUDVW EHWZHHQ WKH DUUDQJHPHQW IHD
WXUHV





7KLV VHFWLRQ QRZ SUHVHQWV FRQWUDVWLYH HYLGHQFH LQ VXSSRUW RI WKH WKUHH DUUDQJHPHQW
IHDWXUHV ,Q WKH H[DPSOHV EHORZ DOO RI WKH KDQGVKDSHV KDYH WKH VHOHFWHG ϧQJHUV IHDWXUH
>WZR@ DQG WKH WKXPE FRQϧJXUDWLRQ IHDWXUH >RSSRVHG@ ,Q WKH DQDORJRXV SDLU LQ  WKH
KDQGVKDSH >@ LQ 12,6( FRQWUDVWV ZLWK >@ LQ 63((&+ 7+(5$3< EDVHG RQ DUUDQJHPHQW
7KH VHOHFWHG ϧQJHUV LQ >@ DUH VSUHDG ZKLOH WKH VHOHFWHG ϧQJHUV LQ >@ DUH MRLQHG
 D *-1H¸c_`Äv0Å 12,6(
E &7H¸c_`Äv0'Å 63((&+ 7+(5$3<
)LJXUH  12,6(

)LJXUH  63((&+ 7+(5$3<
,Q WKH DQDORJRXV SDLU LQ  WKH KDQGVKDSH >_d`@ LQ 32,621 FRQWUDVWV ZLWK >@ LQ
*/8( EDVHG RQ DUUDQJHPHQW 7KH VHOHFWHG ϧQJHUV LQ >_d`@ DUH FURVVHG ZKLOH WKH VH
OHFWHG ϧQJHUV LQ >@ DUH MRLQHG





,Q WKH PLQLPDO SDLU LQ  WKH KDQGVKDSH >@ LQ QG 0217+ FRQWUDVWV ZLWK >_d`@
LQ WK 0217+ 7KH VHOHFWHG ϧQJHUV LQ WKH KDQGVKDSH >@ DUH VSUHDG ZKLOH WKH VHOHFWHG
ϧQJHUV LQ >_d`@ DUH FURVVHG
 D 5JOR¿ QG 0217+
E _d`5JOR¿ WK 0217+
)LJXUH  QG 0217+
)LJXUH  WK 0217+
7KHUHIRUH ZLWKLQ WKH DUUDQJHPHQW GLPHQVLRQ RI FRQWUDVW WKHUH DUH WKUHH IHDWXUHV LQ WKH
GDWD >VSUHDG@ >MRLQHG@ DQG >FURVVHG@
¬$SHUWXUH
7KH SXUSRVH RI WKLV VHFWLRQ LV WR VKRZ WKDW DSHUWXUH LV D GLPHQVLRQ RI FRQWUDVW LQ
$IJKDQ 6LJQ /DQJXDJH DQG WKDW WKH IHDWXUHV >RSHQ@ DQG >FORVHG@ DUH WKH SRWHQWLDO YDOXHV
 7KHUH LV QR YLGHR ϧOH RI WKH VLJQ QG 0217+ LQ WKH GDWD IRU WKLV WKHVLV +RZHYHU WKH OLQHGUDZLQJ LQ
)LJXUH  IURP 6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW  FRUUHVSRQGV WR WKH VLJQ , KDYH REVHUYHG IURP QDWLYH
$IJKDQ 6LJQ /DQJXDJH VLJQHUV

ZLWKLQ WKLV GLPHQVLRQ $SHUWXUH IHDWXUHV DUH RQO\ RSHUDWLYH LQ KDQGVKDSHV ZLWK >IRXU@
VHOHFWHG ϧQJHUV ([DPSOHV RI WKH WZR DSHUWXUH IHDWXUHV DUH VKRZQ LQ )LJXUH 
)LJXUH  7KH $SHUWXUH )HDWXUHV >RSHQ@ DQG >FORVHG@ ZLWK >IRXU@
%UHQWDUL HW DO  SUHVHQW WKH IHDWXUHV >RSHQ@ DQG >FORVH@ XQGHU WKH DSHUWXUH
QRGH LQ WKH 2QH RYHU $OO PRGHO DQG 6DQGOHU 	 /LOOR0DUWLQ  UHFRJQL]H WKH IHDWXUHV
>RSHQ@ DQG >FORVHG@ XQGHU WKH DSHUWXUH QRGH LQ WKHLU PRGHO RI KDQG FRQϧJXUDWLRQ $V
GLVFXVVHG LQ 6HFWLRQ  KDQGVKDSHV ZLWK WKH IHDWXUH >FORVHG@ DUH WKRVH LQ ZKLFK WKH WLSV
RI WKH IRXU VHOHFWHG ϧQJHUV WRXFK WKH SDOP 7KH IHDWXUH >RSHQ@ UHIHUV WR RWKHU GHJUHHV
RI EHQGLQJ 7KLV LV QRW WKH FDVH LQ ERWK RI WKH PRGHOV PHQWLRQHG DERYH ,Q %UHQWDUL HW
DO 
V 2QH RYHU $OO PRGHO WKH IHDWXUHV >H[W@ DQG >ϩH[@ FRPH XQGHU WKH )OH[LRQ
QRGH ZKLOH 6DQGOHU 	 /LOOR0DUWLQ  LQFOXGH WKH IHDWXUHV >EDVH@ DQG >ϩH[@
XQGHU WKH -RLQWV QRGH +RZHYHU WKHUH DUH QR H[DPSOHV LQ WKH $IJKDQ 6LJQ /DQJXDJH
GDWD LQ ZKLFK EHQGLQJ LV FRQWUDVWLYH ZKLOH WKH PLQLPDO SDLU LQ  EHORZ VKRZV WKDW
KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG RQ DSHUWXUH 7KLV LV WKH RQO\ PLQLPDO
SDLU LQ WKH GDWD ZKLFK FRQWUDVWV EDVHG RQ DSHUWXUH





7KH KDQGVKDSH >@ LQ (;$03/( FRQWUDVWV ZLWK >@ LQ $668037,21 EDVHG RQ DSHUWXUH





&KDSWHU  SUHVHQWHG WKH IRXU GLPHQVLRQV RI FRQWUDVW DQG WKHLU UHVSHFWLYH IHDWXUHV
7KH SXUSRVH RI WKLV FKDSWHU LV WR SUHVHQW WKH IHDWXUH FRPELQDWLRQV IRXQG LQ WKH GDWD :LWK
IRXU VHOHFWHG ϧQJHUV IHDWXUHV WKUHH WKXPE FRQϧJXUDWLRQ IHDWXUHV WKUHH DUUDQJHPHQW IHD
WXUHV DQG WZR DSHUWXUH IHDWXUHV WKH WRWDO QXPEHU RI SRVVLEOH IHDWXUH FRPELQDWLRQV LV 
+RZHYHU  RI WKHVH FRPELQDWLRQV FDQ EH UXOHG RXW E\ GHϧQLWLRQ RU E\ DUWLFXODWRU\ DQG
SHUFHSWXDO IDFWRUV )RU H[DPSOH KDQGVKDSHV ZLWK >RQH@ VHOHFWHG ϧQJHU FDQQRW FRPELQH
ZLWK DUUDQJHPHQW IHDWXUHV %\ GHϧQLWLRQ DUUDQJHPHQW IHDWXUHV FDQ RQO\ FRPELQH ZLWK
KDQGVKDSHV ZLWK PXOWLSOH VHOHFWHG ϧQJHUV ,Q DGGLWLRQ WKH DSHUWXUH IHDWXUH >RSHQ@ LV
LPSOLFLW LQ KDQGVKDSHV ZLWK WKH VHOHFWHG ϧQJHUV IHDWXUHV >RQH@ >WZR@ DQG >WKUHH@ 7KH
IHDWXUH >RSHQ@ LV DOVR LPSOLFLW LQ KDQGVKDSHV ZLWK WKH WKXPE FRQϧJXUDWLRQ IHDWXUH >FRQ
WDFWLQJ@ VLQFH WKH VHOHFWHG ϧQJHUV FRQWDFW WKH WKXPE DQG QRW WKH SDOP 7KH SUHFHGLQJ
DVVXPSWLRQV HOLPLQDWH  RI WKH SRVVLEOH  FRPELQDWLRQV ZLWK >RQH@ VHOHFWHG ϧQJHU QLQH
RI WKH SRVVLEOH  FRPELQDWLRQV ZLWK ERWK >WZR@ DQG >WKUHH@ VHOHFWHG ϧQJHUV DQG  RI WKH
SRVVLEOH  FRPELQDWLRQV ZLWK >IRXU@ VHOHFWHG ϧQJHUV 7DEOH  VKRZV WKH UHPDLQLQJ 
SRVVLEOH IHDWXUH FRPELQDWLRQV DQG WKH  FRPELQDWLRQV IRXQG LQ WKH $IJKDQ 6LJQ /DQJXDJH
GDWD

7DEOH  )HDWXUH &RPELQDWLRQV LQ $IJKDQ 6LJQ /DQJXDJH
>RSSRVHG@ >UDGLDO@ >FRQWDFWLQJ@
>RQH@ ఻ ఻ ఻
>WZR@ >VSUHDG@ ఻ ఻ ;
>MRLQHG@ ఻ ఻ ఻
>FURVVHG@ ఻ ; ;
>WKUHH@ >VSUHDG@ ఻ ; ;
>MRLQHG@ ఻ ; ;
>FURVVHG@ ; ; ;
>IRXU@ >VSUHDG@ ఻ ; ఻ ; ;
>MRLQHG@ ఻ ఻ ఻ ఻ ఻
>FURVVHG@ ; ; ; ; ;
>RSHQ@ >FORVHG@ >RSHQ@ >FORVHG@ >RSHQ@
,Q DGGLWLRQ ZKLOH VRPH IHDWXUH FRPELQDWLRQV DUH SRVVLEOH DFFRUGLQJ WR WKH GHϧQLWLRQV
JLYHQ DUWLFXODWRU\ DQG SHUFHSWXDO IDFWRUV PDNH WKH FRPELQDWLRQV XQOLNHO\ DQG WKH FRP
ELQDWLRQV DUH UDUH FURVVOLQJXLVWLFDOO\ 7KHVH XQOLNHO\ IHDWXUH FRPELQDWLRQV DUH VKDGHG
JUH\ LQ 7DEOH  )RU H[DPSOH KDQGVKDSHV ZLWK >WKUHH@ RU >IRXU@ VHOHFWHG ϧQJHUV DQG WKH
DUUDQJHPHQW IHDWXUH >FURVVHG@ VHHP GLϫFXOW WR SURGXFH DQG DUH UDUH FURVVOLQJXLVWLFDOO\
6LPLODUO\ KDQGVKDSHV ZLWK WKH DSHUWXUH IHDWXUH >FORVHG@ DQG WKH DUUDQJHPHQW IHDWXUH
>VSUHDG@ DUH GLϫFXOW WR SURGXFH DQG WR SHUFHLYH 7KLV LV DOVR WKH FDVH ZLWK WKH WKXPE
FRQϧJXUDWLRQ IHDWXUH >FRQWDFWLQJ@ DQG WKH DUUDQJHPHQW IHDWXUHV >VSUHDG@ RU >FURVVHG@
:KHQ WKHVH XQOLNHO\ FRPELQDWLRQV DUH WDNHQ LQWR DFFRXQW  IHDWXUH FRPELQDWLRQV DUH
H[SHFWHG 2I WKHVH  DUH IRXQG LQ WKH GDWD
%HFDXVH D QXPEHU RI WKH VLJQV LQ WKH GDWD LQFOXGH PXOWLSOH KDQGVKDSHV  RFFXU
UHQFHV RI KDQGVKDSHV LQ WRWDO DUH IRXQG 7KHVH KDQGVKDSHV DUH GLVWULEXWHG XQHYHQO\ DFURVV
WKH IHDWXUH FRPELQDWLRQV )RU H[DPSOH  RI WKH  WRWDO KDQGVKDSHV RU DSSUR[LPDWHO\
 KDYH WKH IHDWXUH >IRXU@  RI  RU DSSUR[LPDWHO\  RI WKH KDQGVKDSHV KDYH
WKH IHDWXUH FRPELQDWLRQ >IRXU@ >UDGLDO@ >MRLQHG@ DQG >RSHQ@ ,Q FRPSDULVRQ RQO\ ϧYH
KDQGVKDSHV KDYH WKH IHDWXUH >WKUHH@ 7DEOH  UHSHDWV 7DEOH  VKRZLQJ WKH GLVWULEXWLRQ RI
KDQGVKDSHV DFURVV WKH IHDWXUH FRPELQDWLRQV

7DEOH  'LVWULEXWLRQ RI +DQGVKDSHV DFURVV )HDWXUH &RPELQDWLRQV
>RSSRVHG@ >UDGLDO@ >FRQWDFWLQJ@
>RQH@   
>WZR@ >VSUHDG@   
>MRLQHG@   
>FURVVHG@   
>WKUHH@ >VSUHDG@   
>MRLQHG@   
>FURVVHG@   
>IRXU@ >VSUHDG@     
>MRLQHG@     
>FURVVHG@     
>RSHQ@ >FORVHG@ >RSHQ@ >FORVHG@ >RSHQ@
6HFWLRQV  WKURXJK  SUHVHQW KDQGVKDSHV IRXQG LQ WKH GDWD DUUDQJHG E\ WKH QXP
EHU RI VHOHFWHG ϧQJHUV QRWLQJ WKH IHDWXUH FRPELQDWLRQV WKDW DFWXDOO\ RFFXU
¬2QH 6HOHFWHG )LQJHU
7KH SXUSRVH RI WKLV VHFWLRQ LV WR JLYH HYLGHQFH IRU WKH IHDWXUH FRPELQDWLRQV ZLWK RQH
VHOHFWHG ϧQJHU LQ 7DEOH  $V QRWHG DERYH KDQGVKDSHV ZLWK >RQH@ VHOHFWHG ϧQJHU FDQQRW
FRPELQH ZLWK DUUDQJHPHQW IHDWXUHV E\ GHϧQLWLRQ ZKLOH WKH DSHUWXUH IHDWXUH >RSHQ@ LV
LPSOLFLW 7KHVH DVVXPSWLRQV OHDYH WKUHH SRWHQWLDO IHDWXUH FRPELQDWLRQV DOO RI ZKLFK DUH
DWWHVWHG LQ WKH GDWD >RQH@ DQG >RSSRVHG@ >RQH@ DQG >UDGLDO@ DQG >RQH@ DQG >FRQWDFWLQJ@
+DQGVKDSHV ZLWK >RQH@ VHOHFWHG ϧQJHU DUH IRXQG  WLPHV RI  WRWDO KDQGVKDSHV LQ
WKH GDWD 2I WKH  KDQGVKDSHV ZLWK >RQH@ VHOHFWHG ϧQJHU  KDYH DQ >RSSRVHG@ WKXPE
FRQϧJXUDWLRQ  KDYH D >UDGLDO@ WKXPE FRQϧJXUDWLRQ DQG  KDYH D >FRQWDFWLQJ@ WKXPE
FRQϧJXUDWLRQ )RU H[DPSOH >@ KDV WKH IHDWXUHV >RQH@ DQG >RSSRVHG@ LQ 81,9(56,7< LQ
)LJXUH 

)LJXUH  >RQH@ DQG >RSSRVHG@
>@ KDV WKH IHDWXUHV >RQH@ DQG >UDGLDO@ LQ /,7(5 LQ )LJXUH 
)LJXUH  >RQH@ DQG >UDGLDO@
>@ KDV WKH IHDWXUHV >RQH@ DQG >FRQWDFWLQJ@ LQ 1$552: LQ  LQ 6HFWLRQ  ZKLFK LV
UHSHDWHG KHUH DV )LJXUH 
)LJXUH  >RQH@ DQG >FRQWDFWLQJ@
¬7ZR 6HOHFWHG )LQJHUV
7KH SXUSRVH RI WKLV VHFWLRQ LV WR JLYH HYLGHQFH IRU WKH IHDWXUH FRPELQDWLRQV ZLWK WZR
VHOHFWHG ϧQJHUV LQ 7DEOH  $V QRWHG DERYH LQ KDQGVKDSHV ZLWK >WZR@ VHOHFWHG ϧQJHUV

WKH DSHUWXUH IHDWXUH >RSHQ@ LV LPSOLFLW ,Q DGGLWLRQ WKH IHDWXUH FRPELQDWLRQV >WZR@ >FRQ
WDFWLQJ@ DQG HLWKHU >VSUHDG@ RU >FURVVHG@ DUH XQOLNHO\ 7KH SUHFHGLQJ DVVXPSWLRQV OHDYH
VHYHQ SRWHQWLDO IHDWXUH FRPELQDWLRQV VL[ RI ZKLFK DUH DWWHVWHG LQ WKH GDWD 7KH RQH H[
SHFWHG EXW XQDWWHVWHG IHDWXUH FRPELQDWLRQ LV >WZR@ >UDGLDO@ DQG >FURVVHG@ +DQGVKDSHV
ZLWK >WZR@ VHOHFWHG ϧQJHUV DUH IRXQG  WLPHV RI  WRWDO KDQGVKDSHV LQ WKH GDWD 2I WKH
 KDQGVKDSHV ZLWK >WZR@ VHOHFWHG ϧQJHUV  KDYH DQ >RSSRVHG@ WKXPE FRQϧJXUDWLRQ
 KDYH D >UDGLDO@ WKXPE FRQϧJXUDWLRQ DQG  KDYH D >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQ
)RU H[DPSOH >@ KDV WKH IHDWXUHV >WZR@ >RSSRVHG@ DQG >VSUHDG@ LQ (48$/ LQ )LJXUH 
)LJXUH  >WZR@ >RSSRVHG@ DQG >VSUHDG@
>@ KDV WKH IHDWXUHV >WZR@ >RSSRVHG@ DQG >MRLQHG@ LQ *(1'(5 LQ )LJXUH 
)LJXUH  >WZR@ >RSSRVHG@ DQG >MRLQHG@
>_d`@ KDV WKH IHDWXUHV >WZR@ >RSSRVHG@ DQG >FURVVHG@ LQ 32,621 LQ )LJXUH 

)LJXUH  >WZR@ >RSSRVHG@ DQG >FURVVHG@
>@ KDV WKH IHDWXUHV >WZR@ >UDGLDO@ DQG >VSUHDG@ LQ *5$0 LQ )LJXUH 
)LJXUH  >WZR@ >UDGLDO@ DQG >VSUHDG@
>@ KDV WKH IHDWXUHV >WZR@ >UDGLDO@ DQG >MRLQHG@ LQ 3267 2)),&( LQ )LJXUH 
)LJXUH  >WZR@ >UDGLDO@ DQG >MRLQHG@
>_`f@ KDV WKH IHDWXUHV >WZR@ >FRQWDFWLQJ@ DQG >MRLQHG@ LQ 3$*( LQ )LJXUH 

)LJXUH  >WZR@ >FRQWDFWLQJ@ DQG >MRLQHG@
¬7KUHH 6HOHFWHG )LQJHUV
7KH SXUSRVH RI WKLV VHFWLRQ LV WR JLYH HYLGHQFH IRU WKH IHDWXUH FRPELQDWLRQV ZLWK WKUHH
VHOHFWHG ϧQJHUV LQ 7DEOH  $V QRWHG DERYH LQ KDQGVKDSHV ZLWK >WKUHH@ VHOHFWHG ϧQJHUV
WKH DSHUWXUH IHDWXUH >RSHQ@ LV LPSOLFLW ,Q DGGLWLRQ WKH IHDWXUH FRPELQDWLRQV >WKUHH@ DQG
>FURVVHG@ DV ZHOO DV >WKUHH@ >FRQWDFWLQJ@ DQG >VSUHDG@ DUH XQOLNHO\ 7KH SUHFHGLQJ
DVVXPSWLRQV OHDYH ϧYH SRWHQWLDO IHDWXUH FRPELQDWLRQV WZR RI ZKLFK DUH DWWHVWHG LQ WKH
GDWD +DQGVKDSHV ZLWK >WKUHH@ VHOHFWHG ϧQJHUV DUH IRXQG  WLPHV RI  WRWDO KDQGVKDSHV
LQ WKH GDWD %HFDXVH WKHUH DUH VR IHZ RFFXUUHQFHV RI KDQGVKDSHV ZLWK >WKUHH@ VHOHFWHG
ϧQJHUV LW LV XQVXUSULVLQJ WKDW RQO\ WZR RI WKH ϧYH H[SHFWHG IHDWXUH FRPELQDWLRQV DUH DW
WHVWHG $OO ϧYH RI WKH KDQGVKDSHV ZLWK >WKUHH@ VHOHFWHG ϧQJHUV KDYH DQ >RSSRVHG@ WKXPE
FRQϧJXUDWLRQ 7KH DUUDQJHPHQW IHDWXUH >VSUHDG@ FRPELQHV ZLWK WKH WKXPE FRQϧJXUDWLRQ
IHDWXUH >RSSRVHG@ WZLFH ZKLOH >MRLQHG@ FRPELQHV ZLWK >RSSRVHG@ WKUHH WLPHV )RU H[
DPSOH >_`a@ KDV WKH IHDWXUHV >WKUHH@ >RSSRVHG@ DQG >VSUHDG@ LQ 5$,1%2: LQ )LJXUH

 7KH LQLWLDO ORFDWLRQ LV SLFWXUHG RQ WKH ULJKW LQ )LJXUH 

)LJXUH  >WKUHH@ >RSSRVHG@ DQG >VSUHDG@
>±_`a@ KDV WKH IHDWXUHV >WKUHH@ >RSSRVHG@ DQG >MRLQHG@ LQ &+$57 LQ )LJXUH 
)LJXUH  >WKUHH@ >RSSRVHG@ DQG >MRLQHG@
¬)RXU 6HOHFWHG )LQJHUV
7KH SXUSRVH RI WKLV VHFWLRQ LV WR JLYH HYLGHQFH IRU WKH IHDWXUH FRPELQDWLRQV ZLWK IRXU
VHOHFWHG ϧQJHUV LQ 7DEOH  $V QRWHG DERYH KDQGVKDSHV ZLWK >IRXU@ VHOHFWHG ϧQJHUV DQG
D >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQ FDQQRW FRPELQH ZLWK WKH DSHUWXUH IHDWXUH >FORVHG@ E\
GHϧQLWLRQ ,Q DGGLWLRQ WKH IHDWXUH FRPELQDWLRQV >IRXU@ DQG >FURVVHG@ >IRXU@ >VSUHDG@
DQG >FORVHG@ DV ZHOO DV >IRXU@ >FRQWDFWLQJ@ DQG >VSUHDG@ DUH XQOLNHO\ 7KH SUHFHGLQJ
DVVXPSWLRQV OHDYH VHYHQ SRWHQWLDO IHDWXUH FRPELQDWLRQV DOO RI ZKLFK DUH DWWHVWHG LQ WKH
GDWD +DQGVKDSHV ZLWK >IRXU@ VHOHFWHG ϧQJHUV DUH IRXQG  WLPHV RI  WRWDO KDQGVKDSHV
LQ WKH GDWD 2I WKH  KDQGVKDSHV ZLWK >IRXU@ VHOHFWHG ϧQJHUV  KDYH DQ >RSSRVHG@
WKXPE FRQϧJXUDWLRQ  KDYH D >UDGLDO@ WKXPE FRQϧJXUDWLRQ DQG  KDYH D >FRQWDFWLQJ@
WKXPE FRQϧJXUDWLRQ )RU H[DPSOH >@ KDV WKH IHDWXUHV >IRXU@ >RSSRVHG@ >VSUHDG@ DQG
>RSHQ@ LQ 3$57< LQ )LJXUH 

)LJXUH  >IRXU@ >RSSRVHG@ >VSUHDG@ DQG >RSHQ@
>@ KDV WKH IHDWXUHV >IRXU@ >RSSRVHG@ >MRLQHG@ DQG >RSHQ@ LQ 6(5,$/ LQ )LJXUH 
)LJXUH  >IRXU@ >RSSRVHG@ >MRLQHG@ DQG >RSHQ@
>@ KDV WKH IHDWXUHV >IRXU@ >RSSRVHG@ >MRLQHG@ DQG >FORVHG@ LQ ',3/20$ LQ )LJXUH 
)LJXUH  >IRXU@ >RSSRVHG@ >MRLQHG@ DQG >FORVHG@
>@ KDV WKH IHDWXUHV >IRXU@ >UDGLDO@ >VSUHDG@ DQG >RSHQ@ LQ +2: LQ )LJXUH 

)LJXUH  >IRXU@ >UDGLDO@ >VSUHDG@ DQG >RSHQ@
>@ KDV WKH IHDWXUHV >IRXU@ >UDGLDO@ >MRLQHG@ DQG >RSHQ@ LQ &+$37(5 LQ )LJXUH 
)LJXUH  >IRXU@ >UDGLDO@ >MRLQHG@ DQG >RSHQ@
>@ KDV WKH IHDWXUHV >IRXU@ >UDGLDO@ >MRLQHG@ DQG >FORVHG@ LQ 6,7 LQ )LJXUH 
)LJXUH  >IRXU@ >UDGLDO@ >MRLQHG@ DQG >FORVHG@
>@ KDV WKH IHDWXUHV >IRXU@ >FRQWDFWLQJ@ DQG >MRLQHG@ LQ 1(,7+(5 LQ )LJXUH 

)LJXUH  >IRXU@ >FRQWDFWLQJ@ DQG >MRLQHG@
¬6XPPDU\
7KH SUHFHGLQJ KDV VKRZQ WKDW  RI WKH  H[SHFWHG IHDWXUH FRPELQDWLRQV DUH IRXQG
LQ WKH GDWD 7KH IRXU H[SHFWHG IHDWXUH FRPELQDWLRQV QRW IRXQG LQ WKH GDWD DUH >WZR@
>UDGLDO@ DQG >FURVVHG@ >WKUHH@ >UDGLDO@ DQG HLWKHU >MRLQHG@ RU >VSUHDG@ DQG >WKUHH@ DQG
>FRQWDFWLQJ@ +DQGVKDSHV LQ WKH GDWD DUH DOVR GLVWULEXWHG XQHYHQO\ DFURVV WKH IHDWXUH
FRPELQDWLRQV $SSUR[LPDWHO\  RI WKH KDQGVKDSHV LQ WKH GDWD KDYH >IRXU@ VHOHFWHG
ϧQJHUV DQG DSSUR[LPDWHO\  RI WKH KDQGVKDSHV LQ WKH GDWD KDYH >IRXU@ VHOHFWHG ϧQJHUV
DQG D >UDGLDO@ WKXPE FRQϧJXUDWLRQ ,Q FRQWUDVW RQO\ ϧYH KDQGVKDSHV RU OHVV WKDQ  RI
WKH KDQGVKDSHV LQ WKH GDWD KDYH WKH IHDWXUH >WKUHH@ DQG RQO\  RU DSSUR[LPDWHO\ 




&KDSWHU  VKRZHG WKDW  RI WKH  H[SHFWHG IHDWXUH FRPELQDWLRQV DUH UHSUHVHQWHG LQ
WKH GDWD 7KLV FKDSWHU GLVFXVVHV KDQGVKDSHV WKDW SRVH D FKDOOHQJH WR WKH IHDWXUH V\VWHP
SUHVHQWHG LQ &KDSWHU  7KH IHDWXUH V\VWHP SUHVHQWHG LQ WKLV WKHVLV FDQQRW KDQGOH  WRWDO
RFFXUUHQFHV RI WKH VL[ KDQGVKDSHV >`d@ >b@ >b@ >b@ >@ DQG >@ 7R DFFRXQW IRU
WKHVH KDQGVKDSHV WKLV FKDSWHU VXJJHVWV WKDW WKH IHDWXUHV >PLGGOH@ >OLWWOH@ >H[WHQGHG@ DQG
>EHQW@ EH DGGHG WR WKH DSSURSULDWH OH[LFDO HQWULHV IRU WKHVH  RFFXUUHQFHV ,Q DGGLWLRQ
WKHUH DUH VHYHUDO VLJQV ZLWK QRQQDWLYH KDQGVKDSHV WKDW UHTXLUH WKH IHDWXUH >EHQW@ 6HFWLRQ
 DGGUHVVHV ϧQJHU VHOHFWLRQ DQG WKH IHDWXUHV >PLGGOH@ DQG >OLWWOH@ 6HFWLRQ  GLVFXVVHV
XQVHOHFWHG ϧQJHU H[WHQVLRQ DQG WKH IHDWXUH >H[WHQGHG@ 6HFWLRQ  GLVFXVVHV VHOHFWHG
ϧQJHU EHQGLQJ WKURXJKRXW WKH GDWD DQG WKH IHDWXUH >EHQW@
¬)LQJHU 6HOHFWLRQ
7KLV VHFWLRQ SUHVHQWV IRXU KDQGVKDSHV LQ WKH GDWD ZKLFK SRVH D FKDOOHQJH WR WKH DQDO
\VLV RI VHOHFWHG ϧQJHUV LQ WKLV WKHVLV >b@ DQG >b@ DUH IRXQG RQFH HDFK LQ WKH GDWD
>`d@ LV IRXQG WZLFH DQG >b@ LV IRXQG ϧYH WLPHV RQH RFFXUUHQFH RI ZKLFK LV LQLWLDOL]HG
DQG LV GHDOW ZLWK LQ 6HFWLRQ  >`d@ >b@ >b@ DQG >b@ DOO VHOHFW RQH ϧQJHU EXW
QRW WKH LQGH[ ϧQJHU ,I WKH RQO\ IHDWXUH VSHFLϧHG IRU VHOHFWHG ϧQJHUV LV >RQH@ ZKDW LV
FRQGLWLRQLQJ WKH H[WHQVLRQ RI WKH PLGGOH ϧQJHU LQ >`d@ DQG WKH OLWWOH ϧQJHU LQ >b@
>b@ DQG >b@"
7KH IHDWXUH >PLGGOH@ ZKLFK VHOHFWV WKH PLGGOH ϧQJHU LV QHFHVVDU\ WR UHSUHVHQW WKH
KDQGVKDSH >`d@ ZKLFK LV IRXQG WZLFH LQ WKH GDWD LQ WKH VLJQV */$66 DQG (0$,/

)LJXUH  */$66 DQG (0$,/
7KH IHDWXUH >OLWWOH@ ZKLFK VHOHFWV WKH OLWWOH ϧQJHU LV QHFHVVDU\ WR UHSUHVHQW WKH KDQG
VKDSH >b@ ZKLFK RFFXUV RQFH LQ WKH GDWD LQ WKH VLJQ %/8( ,Q %/8( WKH SDG RI WKH OLWWOH
ϧQJHU EUXVKHV XQGHU WKH LSVLODWHUDO H\H WZLFH )ULVKEHUJ LQ .OLPD DQG %HOOXJL 
 VXJJHVWHG SHUFHSWLRQ DV D FRQGLWLRQLQJ IDFWRU LQ GLDFKURQLF FKDQJH LQ $PHULFDQ 6LJQ
/DQJXDJH LQ ZKLFK VLJQV WHQG WR EH GLVSODFHG IURP WKH FHQWHU RI WKH IDFH WR WKH SHULSK
HU\ DV WKLV GLVSODFHPHQW RSHQV WKH IDFH IRU SDUDOLQJXLVWLF LQIRUPDWLRQ ,W LV SRVVLEOH WKDW
WKH ORFDWLRQ RI WKH FRQWDFW FRQGLWLRQV WKH OLWWOH ϧQJHU
V VHOHFWLRQ VLQFH WKLV NHHSV OHVV RI
WKH KDQG LQ IURQW RI WKH IDFH FRPSDUHG WR D FRQϧJXUDWLRQ ZLWK WKH LQGH[ ϧQJHU DV WKH RQH
VHOHFWHG ϧQJHU
)LJXUH  %/8(
7KHUH DUH WKUHH RWKHU VLJQV LQ WKH GDWD ZLWK >RQH@ VHOHFWHG ϧQJHU LQ ZKLFK WKH VHOHFWHG
ϧQJHU REVWUXFWV WKH IDFH ,Q WKH VLJQ 683(59,625 WKH LQGH[ ϧQJHU FRQWDFWV XQGHU WKH
LSVLODWHUDO H\H EHIRUH PRYLQJ DZD\ IURP WKH IDFH 7KH SRLQW RI FRQWDFW LQ 683(59,625
RFFXUV FORVHU WR WKH SHULSKHU\ RI WKH IDFH WKDQ LV WKH FDVH LQ %/8( LQ ZKLFK WKH OLWWOH ϧQJHU
FRQWDFWV FORVH WR WKH QRVH
 +RZHYHU WKHUH LV D VLPLODU ORFDWLRQ LQ $PHULFDQ 6LJQ /DQJXDJH (<( DQG WKH LQGH[ ϧQJHU LV H[WHQGHG

)LJXUH  683(59,625
,Q WKH VLJQ *5(< ERWK WKH XQVHOHFWHG ϧQJHUV 86) DQG WKH WKXPE NHHS DZD\ IURP WKH
IDFH E\ H[WHQGLQJ 7KH EHQGLQJ LQ WKH VHOHFWHG ϧQJHU NHHSV WKH UHVW RI WKH KDQG IURP
REVWUXFWLQJ WKH IDFH 7KLV H[SODQDWLRQ LV FRQWUD WR WKH FODLP LQ YDQ GHU .RRLM 
WKDW IROGHG 86) REVFXUH WKH IDFH OHVV WKDQ H[WHQGHG 86) GR +RZHYHU )LJXUH  VKRZV
FOHDUO\ WKDW RQO\ WKH EHQW LQGH[ ϧQJHU REVWUXFWV SDUW RI WKH IDFH LQ WKH VLJQ ZKLOH XQ
H[WHQGHG XQVHOHFWHG ϧQJHUV RU DQ >RSSRVHG@ RU >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQ ZRXOG
REVWUXFW PRUH RI WKH IDFH
)LJXUH  *5$<
,Q WKH VLJQ */$66(6 WKH KDQGVKDSH >@ REVWUXFWV D ODUJH DUHD RI WKH IDFH :KLOH WKH VLJQ
LV FOHDUO\ LFRQLF WKDW WKH VHOHFWHG ϧQJHUV DQG WKXPE DV ZHOO DV WKH XQVHOHFWHG ϧQJHUV




7KH KDQGVKDSH >b@ LV IRXQG RQH WLPH LQ WKH VLJQ 180%(5 7KH WKXPE FRQWDFWV
WKH OLWWOH ϧQJHU LQLWLDOO\ LQ 180%(5 EHIRUH UDSLGO\ FRQWDFWLQJ WKH ULQJ DQG PLGGOH ϧQJHUV
DQG ϧQLVKLQJ ZLWK WKH KDQGVKDSH >@ 7KLV PRYHPHQW PLPLFV WKH DFW RI FRXQWLQJ DQG
LV SRVVLEO\ ERUURZHG IURP D JHVWXUH IURP WKH VXUURXQGLQJ FXOWXUH 0LPHWLF VLJQV DUH
GLVFXVVHG EHORZ LQ 6HFWLRQ 
)LJXUH  180%(5
$ VLPLODU GLϫFXOW\ LV IRXQG LQ WKUHH RI ϧYH RFFXUUHQFHV RI WKH KDQGVKDSH >b@ 7KH
OLWWOH ϧQJHU LQ >b@ H[WHQGV LQVWHDG RI WKH LQGH[ ϧQJHU LQ WKH VLJQV 7(/(3+21( DQG
6+$&./( >b@ LQ $IJKDQ 6LJQ /DQJXDJH 7(/(3+21( LV SRVVLEO\ D ERUURZLQJ IURP
$PHULFDQ 6LJQ /DQJXDJH 7(/(3+21( ZKLFK LV LGHQWLFDO ,W LV SRVVLEOH WKDW WKH VLJQ
6+$&./( LV LFRQLFDOO\ PRWLYDWHG EXW WKLV LV IDU IURP FOHDU ,Q DGGLWLRQ LQ WKH VLJQV 0,/(
DQG .,/20(7(5 >b@ FRQWDFWV DW WKH OLWWOH ϧQJHU ,W LV SRVVLEOH WKDW SRLQW RI FRQWDFW
UHVWULFWV ϧQJHU VHOHFWLRQ LQ WKHVH WZR VLJQV +RZHYHU WKH TXHVWLRQ UHPDLQV DV WR KRZ WKH
KDQGVKDSH FDQ FRQWDFW DW WKH OLWWOH ϧQJHU LI LW LV QRW VSHFLϧHG DW WKH XQGHUO\LQJ OHYHO

)LJXUH  7(/(3+21( DQG 6+$&./(
)LJXUH  0,/( DQG .,/20(7(5
,Q VXPPDU\ WKH DQDO\VLV LQ WKLV WKHVLV VWUXJJOHV WR DFFRXQW IRU WKH H[WHQVLRQ RI WKH
PLGGOH ϧQJHU LQ >`d@ DQG WKH OLWWOH ϧQJHU LQ >b@ >b@ DQG >b@ )HDWXUHV VXFK DV
>PLGGOH@ DQG >OLWWOH@ PXVW EH VSHFLϧHG LQ WKH OH[LFRQ IRU WKHVH VLJQV
¬8QVHOHFWHG )LQJHU ([WHQVLRQ
7KLV VHFWLRQ SUHVHQWV KDQGVKDSHV LQ ZKLFK WKH XQVHOHFWHG ϧQJHUV DUH H[WHQGHG 7KHUH
DUH QR H[DPSOHV LQ WKH GDWD LQ ZKLFK XQVHOHFWHG ϧQJHU H[WHQVLRQ LV FRQWUDVWLYH %HFDXVH
WKH IHDWXUH V\VWHP LQ WKLV WKHVLV GRHV QRW DFFRXQW IRU XQVHOHFWHG ϧQJHUV WKH H[WHQVLRQ RI
WKH XQVHOHFWHG ϧQJHUV VKRXOG EH SUHGLFWDEOH :KLOH WKLV LV WKH FDVH LQ VHYHUDO FDVHV IRXU
RI WKH RFFXUUHQFHV RI >@ UHTXLUH WKH IHDWXUH >H[WHQGHG@ IRU WKH XQVHOHFWHG ϧQJHUV
>@ LV IRXQG WHQ WLPHV LQ WKH GDWD ZKLOH >@ LV IRXQG RQFH 7KH KDQGVKDSH >@ LQ WKH
VLJQ *5$< KDV H[WHQGHG XQVHOHFWHG ϧQJHUV DQG ZDV GLVFXVVHG LQ 6HFWLRQ  DERYH 7KH
IHDWXUH >H[WHQGHG@ ZKLFK GHVFULEHV WKH H[WHQVLRQ RI WKH XQVHOHFWHG ϧQJHUV LV QHFHVVDU\
WR UHSUHVHQW WKH KDQGVKDSH >@ >@ LV IRXQG LQ $IJKDQ 6LJQ /DQJXDJH :$7&+ ZKLFK
LV LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH :$7&+ DQG LV SRVVLEO\ D ERUURZLQJ >@ LV DOVR

IRXQG LQ */$66(6 ZKLFK LV DQ LFRQLF VLJQ UHϩHFWLQJ D SDLU RI JODVVHV RQ WKH IDFH ,Q IRXU
RI WKH RWKHU H[DPSOHV LQ WKH GDWD >@ RFFXUV LQ VLJQV LQ ZKLFK WKH LQGH[ ϧQJHU DQG WKXPE
JUDVS D SDUW RI WKH ERG\ RU DQ LPDJLQDU\ REMHFW )RU H[DPSOH WKH XQVHOHFWHG ϧQJHUV H[WHQG
LQ WKH VLJQV *2/' DQG +$,5 DQG WKH SRLQW RI FRQWDFW LV EHWZHHQ WKH VHOHFWHG ϧQJHU DQG
WKXPE ,Q WKH VLJQV 32&.(7 DQG 6(: WKH LQGH[ DQG WKXPE JUDVS DQ LPDJLQDU\ REMHFW
)LJXUH  *2/' DQG +$,5
)LJXUH  32&.(7 DQG 6(:
,Q KHU GLVFXVVLRQ RI XQVHOHFWHG ϧQJHUV 86) LQ 6LJQ /DQJXDJH RI WKH 1HWKHUODQGV YDQ
GHU .RRLM  VXJJHVWV WKH IROORZLQJ ,I WKH KDQG UHIHUV WR WKH ZD\ DQ LPDJLQDU\
REMHFW LV KDQGOHG H[WHQGHG 86) LQGLFDWH WKDW WKH REMHFW LV KDQGOHG LQ D GHOLFDWH ZD\ ,W LV
LPSOLHG WKDW WKH LPDJLQDU\ REMHFW WKDW LV KDQGOHG LQ WKLV ZD\ LV WKLQ 7KLV DSSHDUV WR EH
WKH FDVH LQ $IJKDQ 6LJQ /DQJXDJH DV ZHOO
>@ RFFXUV IRXU RWKHU WLPHV LQ WKH GDWD LQ QHXWUDO VSDFH )RU H[DPSOH LQ WKH WZR
KDQGHG VLJQV 0<7+ $&&25',1* 72 DQG 5(3257 DQG LQ WKH RQHKDQGHG VLJQ :+(5(
WKH XQVHOHFWHG ϧQJHUV H[WHQG ZLWKRXW WKH IDFWRUV IRXQG LQ WKH H[DPSOHV DERYH

)LJXUH  5(3257 DQG :+(5(
,W VHHPV WKHQ WKDW WKH DQDO\VLV LQ WKLV WKHVLV FDQQRW DFFRXQW IRU WKH H[WHQGHG XQVHOHFWHG
ϧQJHUV LQ IRXU RI WKH RFFXUUHQFHV RI >@ $ IHDWXUH VXFK DV >H[WHQGHG@ PXVW EH VSHFLϧHG
IRU WKH XQVHOHFWHG ϧQJHU SRVLWLRQ LQ WKH OH[LFRQ IRU WKHVH VLJQV
¬%HQGLQJ
7KLV VHFWLRQ SUHVHQWV KDQGVKDSHV LQ ZKLFK WKH VHOHFWHG ϧQJHUV DUH EHQW 7KHUH DUH QR
H[DPSOHV LQ WKH GDWD LQ ZKLFK EHQGLQJ LV FRQWUDVWLYH DQG WKH IHDWXUH V\VWHP SUHVHQWHG
LQ WKLV WKHVLV IRU QDWLYH KDQGVKDSHV GRHV QRW LQFOXGH IHDWXUHV IRU EHQGLQJ 7KLV PHDQV
WKDW WKH DQDO\VLV VKRXOG EH DEOH WR DFFRXQW IRU EHQGLQJ LQ VXUIDFH KDQGVKDSHV LQ RWKHU
ZD\V :KLOH WKLV LV WKH FDVH LQ WKH PDMRULW\ RI FDVHV IRXU RFFXUUHQFHV RI WKH KDQGVKDSH
>@ UHTXLUH WKH IHDWXUH >EHQW@ ,Q DGGLWLRQ WKLV VHFWLRQ SUHVHQWV H[DPSOHV RI QRQQDWLYH
KDQGVKDSHV ERUURZHG LQ PLPHWLF DQG LFRQLF VLJQV 7KUHH VXFK KDQGVKDSHV DOVR UHTXLUH
WKH IHDWXUH >EHQW@
&RQVWUDLQWV RQ WKH DUWLFXODWRUV DFFRXQW IRU VHYHUDO FDVHV RI EHQGLQJ LQ WKH GDWD LQ WKH
KDQGVKDSHV >@ >Ê@ >@ >Ê@ >@ DQG >Ê@ 7KH KDQGVKDSH >@ LQ WKH VLJQ
68%75$&7,21 RFFXUV ZLWK WKH DUP H[WHQGHG LQ QHXWUDO VSDFH ZLWK WKH SDOP IDFLQJ WKH
VLJQHU ,W LV XQOLNHO\ WKDW D KDQGVKDSH ZLWK VWUDLJKW VHOHFWHG ϧQJHUV FRXOG EH DUWLFXODWHG
DW WKDW ORFDWLRQ DQG ZLWK WKDW RULHQWDWLRQ DQG WKHUH DUH QR VXFK H[DPSOHV LQ WKH GDWD

)LJXUH  68%75$&7,21
,Q DGGLWLRQ >@ LQ WKH VLJQ )/$6+ ',6. KDV EHQW VHOHFWHG ϧQJHUV UDWKHU WKDQ VWUDLJKW
7KH SRLQW RI FRQWDFW LV WKH WLSV RI WKH VHOHFWHG ϧQJHUV ZKLOH WKH ORFDWLRQ RI WKH FRQWDFW LV
WKH EDFN RI WKH QRQGRPLQDQW KDQG ZKLFK LV ORFDWHG LQ QHXWUDO VSDFH DW FKHVW KHLJKW
)LJXUH  )/$6+ ',6.
7KLV LQWHUDFWLRQ EHWZHHQ SRLQW RI FRQWDFW DQG ORFDWLRQ PDNHV VWUDLJKW VHOHFWHG ϧQJHUV YHU\
XQOLNHO\ DQG KDQGVKDSHV ZLWK VWUDLJKW VHOHFWHG ϧQJHUV LQ VLPLODU FRQWH[WV DUH QRW IRXQG
LQ WKH GDWD
6LPLODUO\ LW LV PRUH SK\VLFDOO\ VWUHQXRXV WR PDLQWDLQ VWUDLJKW RU XQEHQW VHOHFWHG
ϧQJHUV DW FHUWDLQ ORFDWLRQV ZLWKRXW FRQWDFW )RU H[DPSOH LQ WKH VLJQ /(9(/ >Ê@ PRYHV
LQ QHXWUDO VSDFH WR WKH KHLJKW RI WKH WRS RI WKH KHDG ZKLOH >@ LQ +($' 7($&+(5 PRYHV
DERYH WKH KHDG

)LJXUH  /(9(/ DQG +($' 7($&+(5
,W VHHPV XQOLNHO\ WKDW KDQGVKDSHV ZLWK VWUDLJKW VHOHFWHG ϧQJHUV ZRXOG EH DUWLFXODWHG DW
WKH ORFDWLRQV LQ WKHVH H[DPSOHV DQG WKHUH DUH QR VXFK H[DPSOHV IRXQG LQ WKH GDWD
$ VLPLODU VLWXDWLRQ LV IRXQG ZLWK WKH KDQGVKDSH >@ ZKLFK RFFXUV WHQ WLPHV LQ WKH
GDWD HDFK WLPH LQ WZRKDQGHG VLJQV ZLWK FRQWDFW 7ZR RI WKH RFFXUUHQFHV RI >@ LQ
0$55< DQG 0$55,$*( DUH SRVVLEO\ $PHULFDQ 6LJQ /DQJXDJH ERUURZLQJV
)LJXUH  0$55< LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  0$55,$*( LQ $IJKDQ 6LJQ /DQJXDJH

7KDW WKH UHPDLQLQJ HLJKW RFFXUUHQFHV RI >@ DOO LQFOXGH FRQWDFW VXJJHVWV WKDW FRQWDFW
DϱHFWV WKH VHOHFWHG ϧQJHU FXUYDWXUH LQ VRPH ZD\ )RU H[DPSOH WKH VLJQ 5(3($7 FRQWDFWV
DW WKH WLSV RI WKH ϧQJHUV ZKLOH WKH VLJQ 2,/ FRQWDFWV DW WKH EDFNV RI WKH ϧQJHUV
)LJXUH  5(3($7 DQG 2,/
,I >@ LV VSHFLϧHG IRU FRQWDFW DW WKH ϧQJHU WLSV LQ 5(3($7 WKH SKRQHWLF EHQGLQJ VXUIDFHV
GXH WR DUWLFXODWRU\ FRQVWUDLQWV ,W LV XQOLNHO\ WKDW D KDQGVKDSH ZLWK VWUDLJKW VHOHFWHG ϧQ
JHUV FRXOG FRQWDFW DW WKDW ORFDWLRQ DQG ZLWK WKH VDPH RULHQWDWLRQ DQG WKHUH DUH QR VXFK
H[DPSOHV LQ WKH GDWD 6LPLODUO\ LI >@ LQ 2,/ LV VSHFLϧHG IRU FRQWDFW DW WKH EDFNV RI WKH
ϧQJHUV WKH SKRQHWLF EHQGLQJ VXUIDFHV DJDLQ GXH WR DUWLFXODWRU\ FRQVWUDLQWV 7KHUH DUH QR
H[DPSOHV LQ WKH GDWD LQ ZKLFK D KDQGVKDSH ZLWK VWUDLJKW VHOHFWHG ϧQJHUV FRQWDFW DW WKH
EDFN RI WKH KDQG LQ D VLPLODU FRQWH[W
$ VLPLODU DFFRXQW IRU WKH EHQGLQJ LQ RQH RI WKUHH RFFXUUHQFHV RI >@ DQG LQ WZR RI
VL[ RFFXUUHQFHV RI >@ LV SRVVLEOH 2QH RI WKH RFFXUUHQFHV RI >@ LV OLNHO\ DQ $PHULFDQ
6LJQ /DQJXDJH ERUURZLQJ 0$&+,1( LQ $IJKDQ 6LJQ /DQJXDJH LV LGHQWLFDO WR 0$&+,1(
LQ $PHULFDQ 6LJQ /DQJXDJH
)LJXUH  0$&+,1( LQ $IJKDQ 6LJQ /DQJXDJH

,Q WKH VLJQ 3225 >@ FRQWDFWV DW WKH ϧQJHU WLSV $V ZLWK 5(3($7 DERYH LI >@ LV VSHFL
ϧHG IRU FRQWDFW DW WKH ϧQJHU WLSV SKRQHWLF EHQGLQJ VXUIDFHV GXH WR DUWLFXODWRU\ FRQVWUDLQWV
)LJXUH  3225
7KLV LV DOVR WKH FDVH LQ WZR RFFXUUHQFHV RI >@ ,Q +$7 DQG 1(&(66$5< >@ FRQWDFWV DW
WKH ϧQJHU WLSV
)LJXUH  +$7 DQG 1(&(66$5<
+RZHYHU WKH IHDWXUH >EHQW@ LV QHFHVVDU\ WR DFFRXQW IRU WKH EHQGLQJ LQ IRXU RI WKH VL[
RFFXUUHQFHV RI >@ WKDW GR QRW LQYROYH FRQWDFW DQG DUH QRW FOHDUO\ ERUURZHG LQ WKH VLJQV
3/$&( 12:+(5( 528*+ '5$)7 DQG 5$,1
)LJXUH  3/$&(
 7KH VHFRQG PRUSKHPH LQ 12:+(5( LV LGHQWLFDO WR WKH VLJQ 3/$&(

)LJXUH  528*+ '5$)7
)LJXUH  5$,1
:LWKRXW DQ\ DSSDUHQW IDFWRUV DϱHFWLQJ EHQGLQJ LQ >@ WKH IHDWXUH >EHQW@ PXVW EH VSHFLϧHG
LQ WKH OH[LFRQ IRU WKHVH IRXU VLJQV
7KH SUHFHGLQJ H[DPSOHV KDYH UHODWHG WR QDWLYH KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH
+DQGVKDSHV LQ PLPHWLF VLJQV VXFK DV 35$< DUH ERUURZHG IURP WKH JHVWXUH V\VWHP LQ
XVH LQ WKH VXUURXQGLQJ FXOWXUH 6LPLODUO\ KDQGVKDSHV LQ LFRQLF VLJQV VXFK DV 327 5,1*
3/$7( 0217+ &38 DQG 6(17(1&( UHϩHFW WKH VKDSHV RI REMHFWV 7KLV PHDQV WKDW
KDQGVKDSHV LQ PLPHWLF DQG LFRQLF VLJQV DUH ERUURZLQJV DQGPD\ EH VXEMHFW WR OHVV VWULQJHQW
SKRQRORJLFDO FRQVWUDLQWV 7KH IHDWXUH >EHQW@ LV QHFHVVDU\ WR DFFRXQW IRU EHQGLQJ LQ WKHVH
QRQQDWLYH KDQGVKDSHV 7KLV LV WKH FDVH LQ WZR RI WKH VHYHQ RFFXUUHQFHV RI >Ê@ DV
ZHOO DV LQ RQH RI WKH RFFXUUHQFHV RI >@ DQG IRXU RI WKH RFFXUUHQFHV RI >@ )RU H[DPSOH
>Ê@ LQ 35$< PLPLFV WKH SRVWXUH XVHG GXULQJ IUHH SUD\HU LQ $IJKDQ FXOWXUH ZKLOH
>Ê@ LQ 327 RXWOLQHV WKH URXQG IRUP RI D W\SLFDO SRW
 7KUHH RWKHU RFFXUUHQFHV RI >Ê@ LQ &/$66 &/$660$7( DQG 3$,17 DUH SRVVLEO\ $PHULFDQ 6LJQ /DQ
JXDJH ERUURZLQJV 7KH ϧUVW WZR DUH PHQWLRQHG LQ 6HFWLRQ  $IJKDQ 6LJQ /DQJXDJH 3$,17 LV LGHQWLFDO
WR $PHULFDQ 6LJQ /DQJXDJH 3$,17 7KH GLVFXVVLRQ RQ DUWLFXODWRU\ FRQVWUDLQWV DOVR DSSOLHV WR WKH EHQGLQJ LQ
3$,17

)LJXUH  35$< DQG 327
,Q WKH VLJQ 5,1* >@ RFFXUV ZLWK D UDSLG URWDWLRQ RI WKH IRUHDUP UHϩHFWLQJ WKH ULQJLQJ
RI DQ DODUP FORFN ,Q WKH VLJQV 3/$7( 0217+ )8// 0221 DQG &38 >@ UHϩHFWV WKH
IRUP RI D SODWH WKH FUHVFHQW PRRQ DQG D FRPSXWHU GLVN
)LJXUH  5,1*
)LJXUH  3/$7(




7KH IHDWXUH >EHQW@ LV DOVR QHFHVVDU\ WR DFFRXQW IRU VL[ RFFXUUHQFHV RI WKH KDQGVKDSH >@
ZKLFK KDYH UHODWHG PHDQLQJV LQ WKH VLJQV 6(17(1&( :25' ,1'(; 7(;7 7,7/( DQG
),&7,21 ,W LV OLNHO\ WKDW >@ UHϩHFWV WH[W RQ D SDJH DQG FDQ WKHUHIRUH DOVR EH FRQVLGHUHG
LFRQLF
)LJXUH  6(17(1&(
,Q VXPPDU\ EHFDXVH WKH IHDWXUH V\VWHP LQ WKLV WKHVLV GRHV QRW LQFOXGH IHDWXUHV IRU
EHQGLQJ WKH DQDO\VLV VKRXOG ϧQG IDFWRUV FDXVLQJ SKRQHWLF EHQGLQJ LQ VXUIDFH KDQGVKDSHV
7KLV LV LQGHHG WKH FDVH IRU WKH PDMRULW\ RI KDQGVKDSHV SUHVHQWHG DERYH LQ ZKLFK EHQGLQJ

FDQ EH H[SODLQHG EDVHG RQ DUWLFXODWRU\ FRQVWUDLQWV ,Q PLPHWLF DQG LFRQLF VLJQV EHQGLQJ
LV ERUURZHG IURP WKH JHVWXUDO V\VWHP RI WKH VXUURXQGLQJ FXOWXUH RU LQ RUGHU WR UHϩHFW
WKH SK\VLFDO DWWULEXWHV RI REMHFWV )RU WKHVH QRQQDWLYH KDQGVKDSHV WKH IHDWXUH >EHQW@ LV
QHFHVVDU\ ,Q DGGLWLRQ WKHUH DUH IRXU RFFXUUHQFHV RI WKH KDQGVKDSH >@ WKDW UHTXLUH WKH
IHDWXUH >EHQW@
¬6XPPDU\
7KLV FKDSWHU KDV SRLQWHG RXW VL[ KDQGVKDSHV ZKLFK WKH IHDWXUH V\VWHP LQ WKLV WKHVLV
GRHV QRW KDQGOH ZHOO 7KH KDQGVKDSHV >`d@ >b@ >b@ DQG >b@ VHOHFW RQH ϧQJHU WKDW
LV QRW WKH LQGH[ ϧQJHU 7KH XQVHOHFWHG ϧQJHUV LQ IRXU RFFXUUHQFHV RI >@ H[WHQG UHTXLULQJ
WKH IHDWXUH >H[WHQGHG@ 7KH VHOHFWHG ϧQJHUV EHQG ZLWKRXW FRQWDFW LQ IRXU RFFXUUHQFHV RI
WKH KDQGVKDSH >@ UHTXLULQJ WKH IHDWXUH >EHQW@ 7KHVH VL[ KDQGVKDSHV RFFXU  WRWDO
WLPHV LQ WKH GDWD UHSUHVHQWLQJ DSSUR[LPDWHO\  RI DOO KDQGVKDSHV LQ WKH VDPSOH ,Q
DGGLWLRQ WKHUH DUH VHYHUDO H[DPSOHV RI PLPHWLF DQG LFRQLF VLJQV WKDW UHTXLUH WKH IHDWXUH
>EHQW@ 7KH KDQGVKDSHV >Ê@ >@ >@ DQG >@ LQ WKHVH VLJQV DUH ERUURZHG DQG DUH




7KH SUHFHGLQJ FKDSWHUV KDYH SUHVHQWHG D IHDWXUH V\VWHP IRU $IJKDQ 6LJQ /DQJXDJH
7KLV FKDSWHU SUHVHQWV GLVWULEXWLRQDO IDFWV DERXW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH LQ
FOXGLQJ H[DPSOHV RI DOORSKRQLF YDULDWLRQ DV ZHOO DV SKRQRWDFWLF FRQVWUDLQWV &RQGLWLRQLQJ
IDFWRUV LQ WKH GDWD LQFOXGH ϩLFNLQJ PRYHPHQWV DQG SRLQW RI FRQWDFW ZKLOH SKRQRWDFWLF
FRQVWUDLQWV UHODWH WR WULOOLQJ DQG EUXVKLQJ PRYHPHQWV DQG SRLQW RI FRQWDFW 7KHVH IDFWRUV
DFFRXQW IRU GLϱHUHQFHV EHWZHHQ IHDWXUH FRPELQDWLRQV DQG WKH SKRQHWLF SRVWXUHV RI WKH
ϧQJHUV DQG WKH WKXPE ,Q VRPH FDVHV WKH GLϱHUHQFHV EHWZHHQ XQGHUO\LQJ IHDWXUH FRPEL
QDWLRQV DQG VXUIDFH KDQGVKDSHV DUH H[SODLQDEOH EXW QRW RQ SXUHO\ SKRQRORJLFDO JURXQGV
7KHVH FDVHV LQFOXGH KDQGVKDSHV WKDW DUH ERUURZHG IURP 3HUVLDQ WKURXJK WKH ϧQJHUVSHOOLQJ
DOSKDEHW DV ZHOO DV VLJQV ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH 6HFWLRQ  H[SODLQV
WKH GLVWLQFWLRQ EHWZHHQ QDWLYH DQG ERUURZHG KDQGVKDSHV DQG SRLQWV RXW LQLWLDOL]HG DQG
ERUURZHG VLJQV
¬0RYHPHQW
7KLV VHFWLRQ VKRZV WKDW ϩLFNLQJ PRYHPHQWV FRQGLWLRQ VXUIDFH KDQGVKDSHV LQ WKH GDWD
ZKLOH WULOOLQJ DQG EUXVKLQJPRYHPHQWV DUH UHVWULFWHG WR KDQGVKDSHV ZLWK WKH IHDWXUH >VSUHDG@
,Q VLJQV ZLWKRXW ϩLFNLQJ PRYHPHQW WKH IHDWXUHV >IRXU@ DQG >FRQWDFWLQJ@ SURGXFH WKH
KDQGVKDSH >@ ZKLFK LV SLFWXUHG LQ )LJXUH  EHORZ
 6DQGOHU  SRLQWV RXW WKDW D ϩLFNLQJ PRYHPHQW LQYROYHV WKXPE UHVWUDLQW RI WKH VHOHFWHG ϧQJHUV
EHIRUH KDQGVKDSH FKDQJH 6DQGOHU 	 /LOOR0DUWLQ  GHϧQH D WULOO PRYHPHQW DV UDSLG UHSHWLWLRQ RI
WZR ϧQJHU SRVLWLRQV RU RULHQWDWLRQV WKURXJKRXW WKH VLJQ RU ϧQJHU ZLJJOH

)LJXUH  >IRXU@ DQG >FRQWDFWLQJ@
,Q VLJQV ZLWK ϩLFNLQJ PRYHPHQW WKH PRYHPHQW FRQGLWLRQV VOLJKW SKRQHWLF FKDQJHV WR WKH
SRVWXUH RI WKH WKXPE DQG VHOHFWHG ϧQJHUV LQ WKH LQLWLDO KDQGVKDSH 7KH WKXPE EHQGV
VOLJKWO\ WR UHVWUDLQ WKH VHOHFWHG ϧQJHUV ZKLFK DOVR EHQG )RU H[DPSOH >d^@ KDV >IRXU@
VHOHFWHG ϧQJHUV DQG D >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQ DQG RFFXUV ϧYH WLPHV LQ WKH GDWD
LQ WKH VLJQV 3$7,(17 /28' 3$,1 5(&2*1,=( DQG 36<&+2/2*< ,Q HDFK RI WKHVH





7KH ϩLFNLQJ PRYHPHQW FRQGLWLRQV WKH FKDQJH LQ WKXPE SRVWXUH DQG VHOHFWHG ϧQJHU EHQG
LQJ LQ WKH LQLWLDO KDQGVKDSH IURP WKH XQGHUO\LQJ IHDWXUH FRPELQDWLRQ >IRXU@ DQG >FRQ
WDFWLQJ@ ,W LV QRW QHFHVVDU\ WR VSHFLI\ WKH GLϱHUHQFH LQ KDQGVKDSH DW WKH SKRQRORJLFDO
OHYHO
6HYHUDO VLJQV LQ WKH GDWD LQFOXGH WULOOLQJ PRYHPHQWV LQ ZKLFK WKH VHOHFWHG ϧQJHUV
PRYH LQGHSHQGHQWO\ 7KH H[DFW SRVLWLRQ RI WKH VHOHFWHG ϧQJHUV GXULQJ WKH PRYHPHQW LV
LQVLJQLϧFDQW DV ORQJ DV WKH\ GR QRW FRLQFLGH >@ KDV WKH IHDWXUH FRPELQDWLRQ >IRXU@ DQG
>H[WHQGHG@ DQG RFFXUV ZLWK WULOOLQJ PRYHPHQW LQ WKH VLJQV &2/25 0((7,1* 2)),&(
DQG RWKHUV
)LJXUH  0((7,1* DQG 2)),&(
7KLV SDUWLFXODU WULOOLQJ PRYHPHQW ZKLFK 6DQGOHU 	 /LOOR0DUWLQ  UHIHU WR DV
ϧQJHU ZLJJOH LV UHVWULFWHG WR KDQGVKDSHV ZLWK WKH IHDWXUH >VSUHDG@ VLQFH LQGHSHQGHQW
PRYHPHQW RI WKH ϧQJHUV FRXOG QRW RFFXU ZLWK WKH IHDWXUHV >MRLQHG@ RU >FURVVHG@
7KLV LV DOVR WKH FDVH ZLWK EUXVKLQJ PRYHPHQWV 7KHUH DUH QR H[DPSOHV LQ WKH GDWD LQ
ZKLFK D KDQGVKDSH ZLWK WKH IHDWXUHV >MRLQHG@ RU >VSUHDG@ FRQWDFWV DW WKH ϧQJHUV ZLWK D
EUXVKLQJ PRWLRQ ZKLOH WKLV W\SH RI FRQWDFW RFFXUV UHSHDWHGO\ ZLWK WKH KDQGVKDSHV >@
DQG >@ ,Q WKH VLJQV <(//2: DQG +$33< >@ EUXVKHV DW WKH ϧQJHU WLSV

)LJXUH  <(//2: DQG +$33<
,Q WKH VHPDQWLFDOO\ UHODWHG VLJQV )227127( 6&+('8/( 6&25(6+((7 7$%/( 127(
%22. DQG )250 >@ EUXVKHV DW WKH ϧQJHU SDGV RU EDFNV
)LJXUH  127(%22. DQG 6&+('8/(
7KHUHIRUH LW LV OLNHO\ WKDW EUXVKLQJ LV UHVWULFWHG WR KDQGVKDSHV ZLWK WKH IHDWXUH >VSUHDG@
¬3RLQW RI &RQWDFW
7KLV VHFWLRQ VKRZV WKDW SRLQW RI FRQWDFW FRQGLWLRQV VHOHFWHG ϧQJHU SRVWXUH DQG WKXPE
SRVWXUH LQ VRPH FDVHV LQ WKH GDWD ,Q DGGLWLRQ WKLV VHFWLRQ SRLQWV RXW SKRQRWDFWLF FRQ
VWUDLQWV WKDW UHVWULFW FHUWDLQ SRLQWV RI FRQWDFW WR KDQGVKDSHV ZLWK WKH IHDWXUH >UDGLDO@ DQG
WR KDQGVKDSHV ZLWK WKH IHDWXUH >VSUHDG@
,Q FRQWH[WV ZLWKRXW FRQWDFW WKH IHDWXUHV >WZR@ DQG >FRQWDFWLQJ@ SURGXFH WKH KDQG
VKDSH >_`@ ZKLFK LV SLFWXUHG LQ )LJXUH 

)LJXUH  >WZR@ DQG >FRQWDFWLQJ@
:KHQ WKH VHOHFWHG ϧQJHUV DQG WKXPE JUDVS WKH RSSRVLWH KDQG RU ZKHQ WKH RSSRVLWH KDQG
LQWUXGHV EHWZHHQ WKH VHOHFWHG ϧQJHUV DQG WKXPE WKH WKXPE FDQQRW FRQWDFW WKH VHOHFWHG
ϧQJHUV )RU H[DPSOH >@ KDV >WZR@ VHOHFWHG ϧQJHUV DQG D UDGLDO WKXPE SRVWXUH DQG
LV IRXQG RQO\ WKUHH WLPHV LQ WKH GDWD LQ WKH WZRKDQGHG VLJQV 0$5.(5 38==/( DQG
3(1&,/ 6+$53(1(5 ,Q 0$5.(5 DQG 38==/( >@ JUDVSV WKH RSSRVLWH KDQG DQG WKH
WKXPE FDQQRW FRQWDFW WKH VHOHFWHG ϧQJHUV ,Q 3(1&,/ 6+$53(1(5 WKH LQGH[ ϧQJHU FRPHV
EHWZHHQ WKH VHOHFWHG ϧQJHUV DQG WKXPE DQG WKH WKXPE FDQQRW FRQWDFW WKH VHOHFWHG ϧQJHUV
)LJXUH  38==/( DQG 3(1&,/ 6+$53(1(5
7KHUHIRUH WKH XQGHUO\LQJ IHDWXUH FRPELQDWLRQ IRU >@ LV >WZR@ DQG >FRQWDFWLQJ@ :KHQ
WKH VHOHFWHG ϧQJHUV DQG WKXPE JUDVS WKH RSSRVLWH KDQG RU ZKHQ WKH RSSRVLWH KDQG LQ
WUXGHV EHWZHHQ WKH VHOHFWHG ϧQJHUV DQG WKXPE WKH WKXPE SRVWXUH LQ )LJXUH  VXUIDFHV
$ VLPLODU VLWXDWLRQ LV IRXQG ZLWK WKH KDQGVKDSH >@ ,Q FRQWH[WV ZLWKRXW FRQWDFW WKH
IHDWXUHV >IRXU@ >UDGLDO@ DQG >FORVHG@ SURGXFH WKH KDQGVKDSH >@ ZKLFK LV SLFWXUHG LQ
)LJXUH 

)LJXUH  >IRXU@ DQG >UDGLDO@
>@ LQ ZKLFK WKH WKXPE WLS FRQWDFWV WKH LQGH[ ϧQJHU
V PLGGOH SKDODQ[ LV IRXQG VL[
WLPHV LQ WKH GDWD DQG DOZD\V RFFXUV ZLWK FRQWDFW DW WKH UDGLDO VLGH RI WKH VHOHFWHG ϧQJHU
DQG WKH EDFN RI WKH WKXPE DV LQ 0(7(5 DQG /8**$*( LQ )LJXUH  7KLV SDUWLFXODU
SRLQW RI FRQWDFW RFFXUV ZLWK >@ DQG QRW ZLWK RWKHU KDQGVKDSHV
)LJXUH  0(7(5 DQG /8**$*(
7KHUHIRUH WKH XQGHUO\LQJ IHDWXUH FRPELQDWLRQ IRU >@ LV >IRXU@ DQG >UDGLDO@ 7KH SRLQW
RI FRQWDFW FRQGLWLRQV WKH FKDQJH LQ WKXPE SRVWXUH DQG VHOHFWHG ϧQJHU EHQGLQJ ,W LV QRW
QHFHVVDU\ WR VSHFLI\ WKH GLϱHUHQFH LQ WKH VXUIDFH KDQGVKDSH DW WKH SKRQRORJLFDO OHYHO
3RLQW RI FRQWDFW UHVWULFWV WKH GLVWULEXWLRQ RI VHYHUDO KDQGVKDSHV LQ WKH GDWD +DQG
VKDSHV LQ WKH GDWD ZKLFK RFFXU ZLWK FRQWDFW DW WKH NQXFNOHV KDYH >UDGLDO@ WKXPE FRQϧJ
XUDWLRQV )RU H[DPSOH WKH KDQGVKDSH >@ KDV >IRXU@ VHOHFWHG ϧQJHUV DQG >UDGLDO@ WKXPE
FRQϧJXUDWLRQ 7KLV KDQGVKDSH FRQWDFWV DW WKH NQXFNOHV LQ WKH VLJQ 0,1( 5(&5($7,21
*5($7 3((5 &/$660$7( 1(:63$3(5 /29( 02817$,1 %22.%$* DQG )(//2:
75$9(/(5

)LJXUH  0,1( DQG 02817$,1
7KH NQXFNOHV DUH OLNHO\ LQDFFHVVLEOH SKRQHWLFDOO\ DV D SRLQW RI FRQWDFW LQ KDQGVKDSHV ZLWK
>RSSRVHG@ WKXPE FRQϧJXUDWLRQV DQG WKHUH DUH QR H[DPSOHV LQ WKH GDWD LQ ZKLFK KDQG
VKDSHV ZLWK >RSSRVHG@ RU >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQV FRQWDFW DW WKH NQXFNOHV 7KLV
VXJJHVWV WKDW FRQWDFW DW WKH NQXFNOHV LV UHVWULFWHG WR KDQGVKDSHV ZLWK >UDGLDO@ WKXPE FRQ
ϧJXUDWLRQV
6LPLODUO\ >@ KDV >RQH@ VHOHFWHG ϧQJHU DQG D >UDGLDO@ WKXPE FRQϧJXUDWLRQ >@
RFFXUV RQO\ WZLFH LQ WKH GDWD LQ WKH VLJQV 0((7 DQG 62&,$/ 6&,(1&( FRQWDFWLQJ DW WKH
NQXFNOHV RI WKH XQVHOHFWHG ϧQJHUV LQ )LJXUH 
)LJXUH  0((7 DQG 62&,$/ 6&,(1&(
7KHUHIRUH WKLV SRLQW RI FRQWDFW LV UHVWULFWHG WR KDQGVKDSHV ZLWK >UDGLDO@ WKXPE FRQϧJX
UDWLRQV
7KLV LV DOVR WKH FDVH LQ WKH KDQGVKDSHV >@ DQG >Ê@ ZKLFK RFFXU ZLWK FRQWDFW DW
WKH WKXPE WLS LQ DOO ϧYH FDVHV LQ WKH GDWD LQ VLJQV VXFK DV 7$3( DQG )5,'$<

)LJXUH  7$3( DQG )5,'$<
+DQGVKDSHV ZLWK >RSSRVHG@ RU >FRQWDFWLQJ@ WKXPE FRQϧJXUDWLRQV GR QRW FRQWDFW DW WKH
WKXPE WLS LQ WKH GDWD 7KLV VXJJHVWV WKDW WKH WKXPE WLS DV SRLQW RI FRQWDFW LV UHVWULFWHG WR
KDQGVKDSHV ZLWK WKH IHDWXUH >UDGLDO@
3RLQW RI FRQWDFW UHVWULFWV ϧQJHU VSUHDGLQJ LQ WKH GDWD DV ZHOO )RU H[DPSOH >@ KDV WKH
IHDWXUH FRPELQDWLRQ >WZR@ >RSSRVHG@ DQG >VSUHDG@ ,Q WKH VLJQV &203$66 DQG /22.
RQO\ RQH RI WKH VHOHFWHG ϧQJHUV PDNHV FRQWDFW +DQGVKDSHV LQ WKH GDWD ZLWK WKH IHDWXUHV
>MRLQHG@ RU >FURVVHG@ GR QRW FRQWDFW DW RQO\ RQH RI PXOWLSOH VHOHFWHG ϧQJHUV LQ WKH GDWD
6LPLODUO\ LQ WKH VLJQV ',9,6,21 DQG 5,'( WKH QRQGRPLQDQW KDQG LQWUXGHV EHWZHHQ WKH
VHOHFWHG ϧQJHUV ,W LV QRW SRVVLEOH IRU KDQGVKDSHV ZLWK WKH IHDWXUHV >MRLQHG@ RU >FURVVHG@
WR RFFXU ZLWK LQWUXVLRQV EHWZHHQ WKH VHOHFWHG ϧQJHUV
)LJXUH  &203$66 DQG ',9,6,21
7KHUHIRUH WKHVH SRLQWV RI FRQWDFW DUH UHVWULFWHG WR KDQGVKDSHV ZLWK WKH IHDWXUH >VSUHDG@

¬)LQJHUVSHOOLQJ +DQGVKDSHV DQG %RUURZLQJV
7KLV VHFWLRQ GHPRQVWUDWHV GLϱHUHQFHV EHWZHHQ QDWLYH DQG ERUURZHG KDQGVKDSHV LQ
$IJKDQ 6LJQ /DQJXDJH DQG SRLQWV RXW LQLWLDOL]HG DQG ERUURZHG VLJQV LQ WKH GDWD 7KLV
VHFWLRQ GRHV QRW DWWHPSW WR DFRXQW IRU DOO RI WKH IHDWXUHV QHFHVVDU\ WR UHSUHVHQW ERUURZHG
KDQGVKDSHV EXW LQVWHDG SURYLGHV DQ RYHUYLHZ RI DVSHFWV RI WKH QRQQDWLYH SKRQRORJLFDO
V\VWHP QRW DOUHDG\ FRYHUHG LQ &KDSWHU 
%RUURZHG DQG QDWLYH KDQGVKDSHV EHKDYH GLϱHUHQWO\ )RU H[DPSOH ZKLOH QDWLYH KDQG
VKDSHV FKDQJH LQ YDULRXV ZD\V ZLWKLQ D PRUSKHPH VXFK DV LQ WKH QXPEHU RI VHOHFWHG ϧQ
JHUV WKXPE SRVWXUH EHQGLQJ DQG VSUHDGLQJ D ϧQJHUVSHOOLQJ KDQGVKDSH FKDQJHV LQ RQO\
RQH RI WKH  LQLWLDOL]HG VLJQV LQ WKH GDWD ,Q WKH VLJQ *5((1 WKH VHOHFWHG ϧQJHUV SRVWXUH
LQ >_`a@ FKDQJHV WR >_`a@ ZKHQ FRPELQHG ZLWK D WULOOLQJ PRYHPHQW
)LJXUH  *5((1
7KXPE SRVWXUH DOVR EHKDYHV GLϱHUHQWO\ LQ ERUURZHG KDQGVKDSHV )RU H[DPSOH LQ
QDWLYH KDQGVKDSHV FRQWDFW DW WKH UDGLDO VLGH RI WKH KDQG LV UHVWULFWHG WR KDQGVKDSHV ZLWK







+RZHYHU LQ &/$66 ZKLFK LV SRVVLEO\ ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH >@ KDV
D UDGLDO WKXPE SRVWXUH DQG FRQWDFWV DW WKH UDGLDO VLGH RI WKH KDQG LQ )LJXUH  EHORZ

)LJXUH  &/$66 LQ $IJKDQ 6LJQ /DQJXDJH
1RW DOO LQLWLDOL]HG VLJQV KDYH ERUURZHG KDQGVKDSHV 6RPH QDWLYH KDQGVKDSHV VXFK DV
>@ DUH XVHG LQ WKH ϧQJHUVSHOOLQJ V\VWHP ,Q VXFK FDVHV WKH ERUURZHG DQG QDWLYH VLJQV
KDYH GLϱHUHQW FKDUDFWHULVWLFV )RU H[DPSOH >@ RFFXUV ϧYH WLPHV LQ WKH GDWD )25&(
12%(/ 35,=( 5(68/7 DQG *(1,86 DUH LQLWLDOL]HG VLJQV UHϩHFWLQJ WKH ϧQJHUVSHOOLQJ
KDQGVKDSH IRU WKH 3HUVLDQ OHWWHU Ŝ ZKLOH 32/,&( LV QRW LQLWLDOL]HG 7KH WZR JURXSV RI
VLJQV EHKDYH GLϱHUHQWO\ ZLWK UHJDUG WR RULHQWDWLRQ 7KH SDOPV IDFH XS RU FRQWUDODWHUDO LQ
WKH LQLWLDOL]HG VLJQV PDLQWDLQLQJ WKH UHVHPEODQFH WR WKH 3HUVLDQ Ŝ ZKLOH WKH SDOP IDFHV
EDFN LQ WKH QRQLQLWLDOL]HG VLJQ
)LJXUH  5(68/7 DQG 32/,&(
7KH SUHFHGLQJ VXJJHVWV WKDW QDWLYH DQG ERUURZHG KDQGVKDSHV KDYH GLϱHUHQW FKDUDF
WHULVWLFV &KDSWHU  WDNHV XS WKLV GLVFXVVLRQ DJDLQ EULHϩ\ VXJJHVWLQJ UHVHDUFK TXHVWLRQV
IRU IXWXUH VWXGLHV 6HFWLRQ  QRZ GLVFXVVHV ϧQJHUVSHOOLQJ KDQGVKDSHV IRXQG LQ WKH
GDWD ZKLOH 6HFWLRQ  GLVFXVVHV KDQGVKDSHV ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH

¬)LQJHUVSHOOLQJ +DQGVKDSHV
6HFWLRQ  SRLQWHG RXW WKDW WKH ϧQJHUVSHOOLQJ DOSKDEHW LQ XVH LQ $IJKDQLVWDQ ZDV
DGDSWHG IURP WKDW XVHG LQ PDQ\ $UDE FRXQWULHV $Q DGDSWHG $UDELF VFULSW LV LQ XVH LQ
$IJKDQLVWDQ IRU ERWK 3HUVLDQ DQG 3XVKWR WKH WZR QDWLRQDO ODQJXDJHV 2QH FRPPRQ ZD\
IRU QHZ VLJQV WR GHYHORS LQ $IJKDQ 6LJQ /DQJXDJH LV WKURXJK LQLWLDOL]DWLRQ ,Q LQLWLDO
L]HG VLJQV KDQGVKDSHV IURP WKH ϧQJHUVSHOOLQJ DOSKDEHW UHϩHFW WKH ϧUVW OHWWHU RI D ZULWWHQ
3HUVLDQ WUDQVODWLRQ )RU H[DPSOH WKH KDQGVKDSH >d^@ FRPHV IURP WKH ϧQJHUVSHOOLQJ DO
SKDEHW IRU WKH 3HUVLDQ OHWWHUň >d^@ RFFXUV RQO\ WZLFH LQ WKH GDWD LQ )$56, DQG ,6/$0,&
-85,6358'(1&( ZKLFK KDYH 3HUVLDQ WUDQVODWLRQV WKDW EHJLQ ZLWK ň
 RI WKH  VLJQV LQ WKH GDWD RU DSSUR[LPDWHO\  DUH LQLWLDOL]HG $Q LQLWLDOL]HG
VLJQ W\SLFDOO\ LQFOXGHV WKH KDQGVKDSH IURP WKH ϧQJHUVSHOOLQJ DOSKDEHW IRU WKH LQLWLDO OHWWHU
RI WKH 3HUVLDQ WUDQVODWLRQ 7DEOH  SUHVHQWV WKH LQLWLDOL]HG VLJQV IRXQG LQ WKH GDWD ZLWK
WKHLU 3HUVLDQ WUDQVODWLRQV
 6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW HW DO  DQG $IJKDQ 1DWLRQDO $VVRFLDWLRQ RI WKH 'HDI HW DO 
JLYH WKH IROORZLQJ UHVSHFWLYH 3HUVLDQ WUDQVODWLRQV ţúŉ DQG ·ĕĐñŉ
 7KH DVVRFLDWLRQ EHWZHHQ D VLJQ DQG D ERUURZHG KDQGVKDSH LV EDVHG RQ WKH LQLWLDO OHWWHU RI WKH 3HUVLDQ
WUDQVODWLRQ IRXQG LQ WKH $IJKDQ 6LJQ /DQJXDJH GLFWLRQDULHV 7KH GLFWLRQDULHV WKHPVHOYHV GR QRW H[SOLFLWO\












































































































































































































































































































































































































































































































































































































































































7KH VLJQV *2' DQG 5(6($5&+ DUH QRW LQLWLDOL]HG LQ WKH W\SLFDO VHQVH VLQFH WKH ϧQJHU
VSHOOLQJ KDQGVKDSH IRU WKH ϧUVW OHWWHU RI WKH 3HUVLDQ WUDQVODWLRQ LV QRW XVHG ,QVWHDG >@
LQ *2' LV IURP WKH LQLWLDO OHWWHU Ā RI WKH ,VODPLF KRQRULϧF WKDW W\SLFDOO\ IROORZV WKH 3HUVLDQ
čŝŤðčĉ PHDQLQJ *RG >b@ DFWV DV D ERUURZHG VXϫ[ LQ 5(6($5&+ PLPLFNLQJ WKH VXϫ[
LQ WKH 3HUVLDQ ZRUG Ŧ  ŏŬŎĆù
¬%RUURZLQJV IURP $PHULFDQ 6LJQ /DQJXDJH
6HFWLRQ  SRLQWHG RXW WKDW KXPDQLWDULDQ ZRUNHUV WDXJKW $PHULFDQ 6LJQ /DQJXDJH
DW WKH EHJLQQLQJ RI WKH V HDUO\ LQ WKH GHYHORSPHQW RI $IJKDQ 6LJQ /DQJXDJH 7KH
LQϩXHQFH RI $PHULFDQ 6LJQ /DQJXDJH LV REYLRXV LQ D QXPEHU RI VLJQV LQ $IJKDQ 6LJQ /DQ
JXDJH )RU H[DPSOH $IJKDQ 6LJQ /DQJXDJH 52&.(7 DQG 2. DUH LGHQWLFDO WR 52&.(7 DQG
2. LQ $PHULFDQ 6LJQ /DQJXDJH ERUURZLQJ KDQGVKDSHV IURP WKH $PHULFDQ 6LJQ /DQJXDJH
ϧQJHUVSHOOLQJ DOSKDEHW
)LJXUH  52&.(7 LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  2. LQ $IJKDQ 6LJQ /DQJXDJH
 7KH ,VODPLF KRQRULϧF ZKLFK IROORZV čŝŤðčĉ LV W\SLFDOO\ VHW Rϱ LQ SDUHQWKHVHV DV LQ 7DEOH  7KH IXOO IRUP
RI WKH KRQRULϧF LV ţŕÛāŗā

+RZHYHU ODFNLQJ GRFXPHQWDWLRQ RI WKH GHYHORSPHQW RI $IJKDQ 6LJQ /DQJXDJH LW
LV GLϫFXOW WR PDNH GHϧQLWLYH MXGJHPHQWV DERXW ZKHWKHU VRPH VLJQV DUH ERUURZHG IURP
$PHULFDQ 6LJQ /DQJXDJH RU GHYHORSHG LQGHSHQGHQWO\ )RU H[DPSOH $IJKDQ 6LJQ /DQJXDJH
:,17(5 LV LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH &2/' 6LPLODUO\ $IJKDQ 6LJQ /DQJXDJH
:$7&+ LV LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH :$7&+ DQG $IJKDQ 6LJQ /DQJXDJH &83
LV LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH &83 +RZHYHU GXH WR LFRQLFLW\ LW LV SODXVLEOH WKDW
:,17(5 :$7&+ DQG &83 GHYHORSHG LQGHSHQGHQWO\ RI $PHULFDQ 6LJQ /DQJXDJH DQG DUH
QRW ERUURZLQJV 2QO\ D KLVWRU\ RI WKH ODQJXDJH FDQ VHWWOH WKH TXHVWLRQ GHϧQLWLYHO\
)LJXUH  :,17(5 LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  :$7&+ LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  &83 LQ $IJKDQ 6LJQ /DQJXDJH

,Q DGGLWLRQ VHYHUDO VLJQV DSSHDU WR EH $PHULFDQ 6LJQ /DQJXDJH ERUURZLQJV ZLWK PRG
LϧFDWLRQV )RU H[DPSOH $IJKDQ 6LJQ /DQJXDJH +$33(1 LV VLPLODU WR $PHULFDQ 6LJQ /DQ
JXDJH +$33(1 H[FHSW WKDW WKH KDQGVKDSH >@ LQ $IJKDQ 6LJQ /DQJXDJH KDV WZR VHOHFWHG
ϧQJHUV LQVWHDG RI RQH
)LJXUH  +$33(1 LQ $IJKDQ 6LJQ /DQJXDJH
7KH PRYHPHQW DQG ORFDWLRQ LQ $IJKDQ 6LJQ /DQJXDJH :+(5( LV LGHQWLFDO WR WKDW IRXQG
LQ $PHULFDQ 6LJQ /DQJXDJH :+(5( EXW WKH KDQGVKDSHV GLϱHU 7KLV LV DOVR WKH FDVH LQ
$IJKDQ 6LJQ /DQJXDJH 5(67$85$17 6,7 352*5$0 12: DQG PDQ\ RWKHUV
)LJXUH  :+(5( LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  5(67$85$17 LQ $IJKDQ 6LJQ /DQJXDJH

)LJXUH  6,7 LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  352*5$0 LQ $IJKDQ 6LJQ /DQJXDJH
)LJXUH  12: LQ $IJKDQ 6LJQ /DQJXDJH
7KH H[DPSOHV DERYH LOOXVWUDWH WKH GLϫFXOW\ LQ PDNLQJ WKH FODLP WKDW VLJQV LQ $IJKDQ
6LJQ /DQJXDJH DUH ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH +RZHYHU WKHUH DUH VRPH
FDVHV LQ ZKLFK VLJQV IURP WKH WZR ODQJXDJHV DUH LGHQWLFDO RU QHDUO\ LGHQWLFDO WKH PHDQ
LQJV DUH VLPLODU RU HTXLYDOHQW DQG WKH KDQGVKDSH LQ $IJKDQ 6LJQ /DQJXDJH RFFXUV UDUHO\
LQ WKH GDWD RU RQO\ LQ WKH VLJQ LQ TXHVWLRQ ,Q WKHVH FDVHV WKLV WKHVLV FODLPV WKDW WKH KDQG
VKDSHV DUH ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH DQG DUH QRW QDWLYH )RU H[DPSOH WKH

KDQGVKDSH >`@ RFFXUV RQO\ RQFH LQ WKH GDWD LQ $IJKDQ 6LJQ /DQJXDJH 7$/(17 ZKLFK
LV QHDUO\ LGHQWLFDO WR WKH VLJQ *(1,86 LQ $PHULFDQ 6LJQ /DQJXDJH
)LJXUH  7$/(17 LQ $IJKDQ 6LJQ /DQJXDJH
,W LV OLNHO\ WKHQ WKDW >`@ LV ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH
6LPLODUO\ WKH KDQGVKDSH >@ RFFXUV RQO\ WZLFH LQ WKH GDWD LQ $IJKDQ 6LJQ /DQJXDJH
3$66(1*(5 DQG 327$72 7KHVH WZR VLJQV DUH QHDUO\ LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH
75$9(/ DQG 327$72 UHVSHFWLYHO\ 7KHUHIRUH LW LV OLNHO\ WKDW >@ LV ERUURZHG IURP
$PHULFDQ 6LJQ /DQJXDJH
)LJXUH  3$66(1*(5 DQG 327$72 LQ $IJKDQ 6LJQ /DQJXDJH
,Q DGGLWLRQ WKH KDQGVKDSH >_b@ LV IRXQG RQO\ RQFH LQ WKH GDWD LQ WKH VLJQ 3/$1( ZKLFK
LV QHDUO\ LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH $,53/$1( $,53/$1( LQ WKH  $IJKDQ
6LJQ /DQJXDJH GLFWLRQDU\ XVHV D KDQGVKDSH ZLWK IRXU VHOHFWHG ϧQJHUV DQG DQ DGMDFHQW
WKXPE FRQϧJXUDWLRQ 7KHUHIRUH LW LV OLNHO\ WKDW >_b@ LV ERUURZHG IURP $PHULFDQ 6LJQ
/DQJXDJH DQG LV QRW D QDWLYH KDQGVKDSH LQ $IJKDQ 6LJQ /DQJXDJH

)LJXUH  3/$1( DQG $,53/$1( LQ $IJKDQ 6LJQ /DQJXDJH
7KH KDQGVKDSH >@ LV IRXQG WKUHH WLPHV LQ WKH GDWD LQ WKH VLJQV 7($&+(5 +($'
7($&+(5 DQG 63(&,$/ ('8&$7,21 ZKLFK DUH FOHDUO\ UHODWHG WR $PHULFDQ 6LJQ /DQ
JXDJH 7($&+ DQG 7($&+(5 +RZHYHU WKH KDQGVKDSH >@ LQ $PHULFDQ 6LJQ /DQJXDJH KDV
D FRQWDFWLQJ WKXPE SRVWXUH LQVWHDG RI WKH >UDGLDO@ WKXPE FRQϧJXUDWLRQ IRXQG LQ $IJKDQ
6LJQ /DQJXDJH )RU H[DPSOH )LJXUH  VKRZV >@ LQ +($' 7($&+(5
)LJXUH  +($' 7($&+(5 LQ $IJKDQ 6LJQ /DQJXDJH
%HFDXVH >@ LQ WKH $IJKDQ 6LJQ /DQJXDJH GDWD LV RQO\ IRXQG LQ VLJQV ZLWK PHDQLQJV UHODWHG
WR $PHULFDQ 6LJQ /DQJXDJH 7($&+ LW LV OLNHO\ WKDW >@ UHϩHFWV LQϩXHQFH IURP $PHULFDQ
6LJQ /DQJXDJH DQG LV QRW D QDWLYH KDQGVKDSH LQ $IJKDQ 6LJQ /DQJXDJH
,Q VXPPDU\ WKH LQϩXHQFH RI $PHULFDQ 6LJQ /DQJXDJH RQ $IJKDQ 6LJQ /DQJXDJH KDQG
VKDSHV LV REYLRXV LQ D QXPEHU RI VLJQV 7KH KDQGVKDSHV >`@ >@ >_b@ DQG >@ RFFXU
WKUHH WLPHV RU IHZHU LQ WKH GDWD LQ VLJQV ZLWK PHDQLQJV WKDW DUH QHDUO\ LGHQWLFDO WR $PHU
LFDQ 6LJQ /DQJXDJH VLJQV 7KHVH KDQGVKDSHV WKHQ DUH FOHDU FDVHV RI ERUURZLQJ 7KHUH
DUH D QXPEHU RI RWKHU VLJQV WKDW DUH SRVVLEOH ERUURZLQJV IURP $PHULFDQ 6LJQ /DQJXDJH
VXFK DV +$33(1 5(67$85$17 DQG RWKHUV DERYH +RZHYHU WKHVH VLJQV XVH KDQGVKDSHV
QDWLYH WR $IJKDQ 6LJQ /DQJXDJH WKDW GLϱHU IURP WKH KDQGVKDSHV XVHG LQ $PHULFDQ 6LJQ

/DQJXDJH VLJQV ZLWK VLPLODU RU LGHQWLFDO PHDQLQJV 7KHVH KDQGVKDSHV DUH SRVVLEOH ERU
URZLQJV IURP $PHULFDQ 6LJQ /DQJXDJH )LQDOO\ RWKHU VLJQV VXFK DV :$7&+ DQG &83 DUH
LGHQWLFDO WR $PHULFDQ 6LJQ /DQJXDJH VLJQV ZLWK LGHQWLFDO PHDQLQJV +RZHYHU WKH KDQG
VKDSHV XVHG LQ WKH $IJKDQ 6LJQ /DQJXDJH VLJQV DUH QRW UHVWULFWHG WR SRVVLEOH ERUURZLQJV
EXW DUH IRXQG LQ RWKHU VLJQV WKDW DUH FOHDUO\ QRW ERUURZHG IURP $PHULFDQ 6LJQ /DQJXDJH
,Q DGGLWLRQ GXH WR LFRQLFLW\ LW LV FRQFHLYDEOH WKDW WKHVH VLJQV GHYHORSHG LQGHSHQGHQWO\




&RQFOXVLRQV DQG )XWXUH 5HVHDUFK
6LJQV LQ $IJKDQ 6LJQ /DQJXDJH FRQWUDVW EDVHG RQ KDQGVKDSH DQG KDQGVKDSHV FRQWUDVW
EDVHG RQ WKHLU SKRQRORJLFDOO\ UHOHYDQW SDUWV &KDSWHU  VKRZHG WKDW KDQGVKDSHV LQ $IJKDQ
6LJQ /DQJXDJH FRQWUDVW EDVHG RQ VHOHFWHG ϧQJHUV WKXPE FRQϧJXUDWLRQ DUUDQJHPHQW DQG
DSHUWXUH &KDSWHU  DOVR SUHVHQWHG HYLGHQFH IRU WKH IHDWXUHV ZLWKLQ HDFK UHVSHFWLYH GLPHQ
VLRQ RI FRQWUDVW &KDSWHU  VKRZHG WKDW  RI WKH  H[SHFWHG IHDWXUH FRPELQDWLRQV DUH
IRXQG LQ WKH GDWD &KDSWHU  SUHVHQWHG KDQGVKDSHV ZKLFK SUHVHQW FKDOOHQJHV IRU WKH DQDO
\VLV &KDSWHU  SUHVHQWHG GLVWULEXWLRQDO IDFWV DERXW KDQGVKDSHV LQ $IJKDQ 6LJQ /DQJXDJH
LQFOXGLQJ H[DPSOHV RI DOORSKRQLF YDULDWLRQ DV ZHOO DV SKRQRWDFWLF FRQVWUDLQWV 7KHUH DUH
DOVR QXPHURXV H[DPSOHV LQ ZKLFK $IJKDQ 6LJQ /DQJXDJH KDV ERUURZHG IURP RWKHU ODQ
JXDJHV VXFK DV 3HUVLDQ DQG $PHULFDQ 6LJQ /DQJXDJH 6HFWLRQ  VKRZHG WKDW ERUURZHG
KDQGVKDSHV LQWHUDFW GLϱHUHQWO\ ZLWK WKH SKRQRORJ\ LQ VRPH FDVHV WKDQ GR QDWLYH KDQG
VKDSHV
6HYHUDO FRQFOXVLRQV FDQ EH GUDZQ IURP WKH SUHFHGLQJ FKDSWHUV 7DEOH  LQ &KDSWHU 
VKRZHG WKDW WKH PDMRULW\ RI VLJQV KDYH WKH IHDWXUH >IRXU@ DQG WKDW  RI WKH KDQGVKDSHV
LQ WKH GDWD KDYH >IRXU@ VHOHFWHG ϧQJHUV DQG D >UDGLDO@ WKXPE FRQϧJXUDWLRQ ,Q FRQWUDVW
DSSUR[LPDWHO\  RI KDQGVKDSHV KDYH WKH IHDWXUH >RQH@  KDYH WKH IHDWXUH >WZR@
DQG OHVV WKDQ RQH SHUFHQW RI WKH KDQGVKDSHV LQ WKH GDWD KDYH WKH IHDWXUH >WKUHH@ ,Q
DGGLWLRQ  RI KDQGVKDSHV ZLWK >RQH@ KDYH DQ >RSSRVHG@ WKXPE FRQϧJXUDWLRQ 
RI KDQGVKDSHV ZLWK >WZR@ KDYH DQ >RSSRVHG@ WKXPE FRQϧJXUDWLRQ DQG DOO  KDQGVKDSHV
ZLWK >WKUHH@ KDYH DQ >RSSRVHG@ WKXPE FRQϧJXUDWLRQ 7KH SUHFHGLQJ VXJJHVWV VWURQJO\ WKDW
WKH SK\VLFDO FKDUDFWHULVWLFV RI WKH KDQG DϱHFW WKH RFFXUUHQFH RI IHDWXUHV ,W LV SRVVLEOH WKDW
WKH HDVLHVW KDQGVKDSHV WR DUWLFXODWH DUH WKRVH ZLWK >IRXU@ DQG >UDGLDO@ ZKLOH LW LV HDVLHVW
WR DUWLFXODWH KDQGVKDSHV ZLWK XQVHOHFWHG ϧQJHUV XVLQJ DQ >RSSRVHG@ WKXPE FRQϧJXUDWLRQ

7KH IHDWXUH V\VWHP SURSRVHG KHUH LV VLPSOHU WKDQ WKH IHDWXUH V\VWHPV VXUYH\HG IRU
$PHULFDQ 6LJQ /DQJXDJH LQ &KDSWHU  7KLV LV LQ SDUW GXH WR WKH WKHRUHWLFDO IUDPHZRUN
LQ ZKLFK %UHQWDUL HW DO  DQG 6DQGOHU 	 /LOOR0DUWLQ  SUHVHQWHG WKHLU IHDWXUH
V\VWHPV ,Q DGGLWLRQ RWKHU IHDWXUHV DUH QHFHVVDU\ IRU QRQQDWLYH KDQGVKDSHV VXFK DV LQ
ϧQJHUVSHOOLQJ ERUURZLQJV DQG $PHULFDQ 6LJQ /DQJXDJH ERUURZLQJV +RZHYHU  OLNHO\
IHDWXUH FRPELQDWLRQV IRU QDWLYH KDQGVKDSHV VHHP WR EH IHZHU WKDQ WKH QXPEHU RI OLNHO\
IHDWXUH FRPELQDWLRQV IRXQG LQ VLJQ ODQJXDJHV ZLWK ORQJHU KLVWRULHV 7KDW WKH IHDWXUH V\V
WHP SUHVHQWHG KHUH DFFRXQWV IRU PRVW RI WKH $IJKDQ 6LJQ /DQJXDJH GDWD PLJKW VXJJHVW
VRPHWKLQJ DERXW WKH GHYHORSPHQW RI VLJQ ODQJXDJHV RYHU WLPH ,W LV SRVVLEOH WKDW WKH IHD
WXUHV ERUURZHG WKURXJK WKH ϧQJHUVSHOOLQJ DOSKDEHW DV ZHOO DV ERUURZLQJV IURP PLPHWLF
DQG LFRQLF VLJQV ZLOO JUDGXDOO\ PDNH WKHLU ZD\ LQWR WKH QDWLYH SKRQRORJLFDO V\VWHP $W
WKLV HDUO\ VWDJH LQ WKH GHYHORSPHQW RI $IJKDQ 6LJQ /DQJXDJH UHODWLYHO\ IHZ IHDWXUH FRP
ELQDWLRQV VKRXOG SHUKDSV EH H[SHFWHG
7KHUH DUH VHYHUDO DUHDV IRU IXWXUH UHVHDUFK UHODWHG WR KDQGVKDSHV WKDW WKLV WKHVLV GRHV
QRW DGGUHVV )RU H[DPSOH WKLV WKHVLV GRHV QRW GLVFXVV RULHQWDWLRQ DW DQ\ OHQJWK HYHQ
WKRXJK &KDSWHU  UHIHUUHG WR RULHQWDWLRQ VSHFLϧFDWLRQV DW WKH XQGHUO\LQJ OHYHO 7KH UHDVRQ
IRU WKLV LV WKDW VOLJKW SKRQHWLF GLϱHUHQFHV LQ RULHQWDWLRQ FDQ EH IRXQG LQ WKH RYHUZKHOPLQJ
PDMRULW\ RI VLJQV :LWK QR FOHDU H[DPSOHV LQ ZKLFK PLQLPDO SDLUV FRQWUDVW EDVHG RQ RUL
HQWDWLRQ LW LV GLϫFXOW WR ϧQG D IRRWKROG LQ GLVFRYHULQJ ZKHWKHU SKRQRORJLFDO RULHQWDWLRQ
LV JUDGLHQW RU GLVFUHWH 6LPLODUO\ &KDSWHU  UHIHUV WR SRLQW RI FRQWDFW VSHFLϧFDWLRQV DW WKH
XQGHUO\LQJ OHYHO $V ZLWK RULHQWDWLRQ WKHUH DUH QR FOHDU H[DPSOHV LQ WKH GDWD LQ ZKLFK
KDQGVKDSHV FRQWUDVW EDVHG RQ SRLQW RI FRQWDFW ,Q DGGLWLRQ WKLV WKHVLV GRHV QRW DGGUHVV
WKH QRQGRPLQDQW KDQG 7KHUH DUH  WZRKDQGHG DV\PPHWULFDO VLJQV LQ WKH GDWD 7KHVH
DUH FOHDUO\ DUHDV IRU IXWXUH UHVHDUFK
7KHUH DUH DOVR DUHDV IRU IXWXUH UHVHDUFK UHODWHG WR RWKHU DVSHFWV RI $IJKDQ 6LJQ /DQ
JXDJH SKRQRORJ\ )RU H[DPSOH VLJQ SDLUV H[LVW IRU PRYHPHQW VXFK DV 0$<%( DQG 352%
/(0 DQG ORFDWLRQ VXFK DV 36<&+2/2*< DQG )(('%$&. ZKLFK VXJJHVW WKDW FRQWUDVWLYH
DQDO\VLV RI PRYHPHQW DQG ORFDWLRQ ZRXOG EH IUXLWIXO

)LJXUH  0$<%( DQG 352%/(0
)LJXUH  36<&+2/2*< DQG )(('%$&.

$33(1',;
*XLGH WR +DP1R6\V +DQGVKDSH 6\PEROV
7KLV DSSHQGL[ JLYHV H[DPSOHV RI WKH +DP1R6\V KDQGVKDSH V\PEROV IRXQG LQ WKLV
WKHVLV )LJXUH  VKRZV H[DPSOHV RI WKH IHDWXUH FRPELQDWLRQV LQ 7DEOH  LQ &KDSWHU 
)LJXUH  +DP1R6\V 6\PEROV ZLWK )HDWXUH &RPELQDWLRQV

1XPEHUV DIWHU WKH KDQGVKDSH VSHFLI\ ϧQJHUV LI WKHVH DUH GLϱHUHQW IURP WKH H[SHFWHG VSHF
LϧHG ϧQJHUV DV IRU H[DPSOH LQ >b@ DQG >`@
)LJXUH  +DP1R6\V 6\PEROV ,QGLFDWLQJ $W\SLFDO )LQJHU 6HOHFWLRQ
1XPEHUV FDQ DOVR LQGLFDWH VHOHFWHG ϧQJHU DUUDQJHPHQW PRGLϧFDWLRQV DV LQ >_d`@
)LJXUH  +DP1R6\V 6\PERO ,QGLFDWLQJ $W\SLFDO )LQJHU $UUDQJHPHQW
6\PEROV DERYH WKH KDQGVKDSH VKRZ YDULRXV W\SHV RI EHQGLQJ LQFOXGLQJ DW WKH EDVH NQXFNOH
FXUYHG EHQGLQJ DQG KRRNHG EHQGLQJ DV IRU H[DPSOH LQ )LJXUH 
)LJXUH  +DP1R6\V 6\PEROV IRU %HQGLQJ
6HOHFWHG ϧQJHU VSUHDGLQJ LV VKRZQ XVLQJ WKH V\PEROV LQ )LJXUH 

)LJXUH  +DP1R6\V 6\PEROV IRU 6SUHDGLQJ
7KH KDQGVKDSHV LQ )LJXUH  KDYH H[WHQGHG XQVHOHFWHG ϧQJHUV
)LJXUH  +DP1R6\V 6\PEROV IRU ([WHQGHG 8QVHOHFWHG )LQJHUV
6RPH KDQGVKDSHV DUH GLϫFXOW WR FDWHJRUL]H EHWZHHQ WZR V\PEROV 7KHVH DUH LQGLFDWHG
ZLWK D EDFNVODVK VXFK DV LQ )LJXUH 
)LJXUH  +DP1R6\V 6\PERO ,QGLFDWLQJ ,QWHUPHGLDWH &DWHJRU\
)LQDOO\ WKH KDQGVKDSH >@ LV VKRZQ LQ )LJXUH  EHORZ

)LJXUH  +DP1R6\V 6\PERO IRU $6/ &

5HIHUHQFHV
$IJKDQ 1DWLRQDO $VVRFLDWLRQ RI WKH 'HDI )DPLO\ :HOIDUH )RFXV 6HUYH·V +HDULQJ
,PSDLUHG 3URMHFW 6HUYH·V (0$' 3URMHFW 6ZHGLVK &RPPLWWHH IRU $IJKDQLVWDQ
+DQGLFDS ,QWHUQDWLRQDO DQG 81'3  $IJKDQ 6LJQ /DQJXDJH .DEXO
$IJKDQLVWDQ 81'3
%HFNHU &ODXGLD DQG +DQQD (LFKPDQQ  6WUDWHJLHV WR 9LWDOL]H $IJKDQ 6LJQ
/DQJXDJH DQG WR 6XSSRUW 9RFDWLRQDO (GXFDWLRQ IRU 'HDI 6WXGHQWV LQ $IJKDQLVWDQ
%HUOLQ +XPEROGW 8QLYHUVLWlW ]X %HUOLQ
%UHQWDUL 'LDQH  $ 3URVRGLF 0RGHO RI 6LJQ /DQJXDJH 3KRQRORJ\ &DPEULGJH
0$ 0,7 3UHVV
%HQWDUL 'LDQH +DUU\ YDQ GHU +XOVW (OV YDQ GHU .RRLM DQG :HQG\ 6DQGOHU 
2QH 2YHU $OO DQG $OO 2YHU 2QH D 'HSHQGHQF\ 3KRQRORJ\ $QDO\VLV RI
+DQGVKDSH LQ 6LJQ /DQJXDJHV 7KHRUHWLFDO ,VVXHV LQ 6LJQ /DQJXDJH 5HVHDUFK
 0RQWUHDO
+DQVHQ .DWKU\Q /  5HFRPELQDQW )HDWXUHV IRU WKH 0RYHPHQWV RI $PHULFDQ
6LJQ /DQJXDJH :HVW /DID\HWWH ,QGLDQD 3XUGXH 8QLYHUVLW\ GLVVHUWDWLRQ
.OLPD (GZDUG 6 DQG 8UVXOD %HOOXJL  7KH 6LJQV RI /DQJXDJH %RVWRQ
+DUYDUG 8QLYHUVLW\ 3UHVV
.RRLM (OV YDQ GHU  7KH 3RVLWLRQ RI 8QVHOHFWHG )LQJHUV /LQJXLVWLFV LQ WKH
1HWKHUODQGV   $PVWHUGDP -RKQ %HQMDPLQV
/HZLV 0 3DXO *DU\ ) 6LPRQV DQG &KDUOHV ' )HQQLJ HGV  (WKQRORJXH
/DQJXDJHV RI WKH :RUOG 6HYHQWHHQWK (GLWLRQ 'DOODV 7H[DV 6,/ ,QWHUQDWLRQDO
2QOLQH YHUVLRQ KWWSZZZHWKQRORJXHFRP
/LGGHOO 6FRWW .  7KLQN DQG %HOLHYH 6HTXHQWLDOLW\ LQ $PHULFDQ 6LJQ
/DQJXDJH /DQJXDJH  
0DQGHO 0DUN  3KRQRWDFWLFV DQG 0RUSKRSKRQRORJ\ LQ $PHULFDQ 6LJQ
/DQJXDJH %HUNHOH\ 8QLYHUVLW\ RI &DOLIRUQLD %HUNHOH\ GLVVHUWDWLRQ
3HUOPXWWHU 'DYLG 0  6RQRULW\ DQG 6\OODEOH 6WUXFWXUH LQ $PHULFDQ 6LJQ
/DQJXDJH /LQJXLVWLF ,QTXLU\  

3LNH .HQQHWK /  3KRQHPLFV $ 7HFKQLTXH IRU 5HGXFLQJ /DQJXDJHV WR :ULWLQJ
$QQ $UERU 8QLYHUVLW\ RI 0LFKLJDQ 3XEOLFDWLRQV
6DQGOHU :HQG\  +LHUDUFKLFDO 2UJDQL]DWLRQ RI 3KRQRORJLFDO )HDWXUHV LQ
$PHULFDQ 6LJQ /DQJXDJH 3DUDVHVVLRQ RQ $XWRVHJPHQWDO DQG 0HWULFDO 3KRQRORJ\
3URFHHGLQJV RI WKH &KLFDJR /LQJXLVWLF 6RFLHW\
6DQGOHU :HQG\  3KRQRORJLFDO 5HSUHVHQWDWLRQ RI WKH 6LJQ %RVWRQ 'H
*UX\WHU
6DQGOHU :HQG\ DQG 'LDQH & /LOOR0DUWLQ  6LJQ /DQJXDJH DQG /LQJXLVWLF
8QLYHUVDOV &DPEULGJH 8. &DPEULGJH 8QLYHUVLW\ 3UHVV
6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW  $IJKDQ 6LJQ /DQJXDJH %RRN 2QH
3HVKDZDU 3DNLVWDQ 6HUYH $IJKDQLVWDQ
6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW  $IJKDQ 6LJQ /DQJXDJH 'LFWLRQDU\
-DODODEDG &LW\ DQG 6XUURXQGLQJ $UHDV 3HVKDZDU 3DNLVWDQ 6HUYH $IJKDQLVWDQ
6HUYH·V +HDULQJ ,PSDLUHG 3URMHFW +HDULQJ ,PSDLUHG )RXQGDWLRQ RI $IJKDQLVWDQ
	 &RPSUHKHQVLYH 'LVDEOHG $IJKDQV 3URJUDP  $IJKDQ 6LJQ /DQJXDJH
.DEXO $IJKDQLVWDQ &RPSUHKHQVLYH 'LVDEOHG $IJKDQV 3URJUDP 81
6WRNRH :LOOLDP &  6LJQ /DQJXDJH 6WUXFWXUH $Q 2XWOLQH RI WKH 9LVXDO
&RPPXQLFDWLRQ 6\VWHPV RI WKH $PHULFDQ 'HDI 6WXGLHV LQ /LQJXLVWLFV
2FFDVLRQDO 3DSHUV %XϱDOR 8QLYHUVLW\ RI %XϱDOR
7HUYRRUW %HUQDUG 70  6WUXFWXUHOH $QDO\VH YDQ 9LVXHHO 7DDOJHEUXLN ELQQHQ
HHQ *URHS 'RYH .LQGHUHQ $PVWHUGDP 1RRUG+ROODQGVFKH 8LWJHYHUV
0DDWVFKDSSLM GLVVHUWDWLRQ (QJOLVK VXPPDU\
KWWSZZZUXQOVLJQODQJSXEOLFDWLRQVYPHQJOLVKBVXPPDU\BRI
:LOEXU 5RQQLH %  :K\ 6\OODEOHV" :KDW WKH 1RWLRQ 0HDQV IRU $6/
5HVHDUFK ,Q 6' )LVFKHU 	 3 6LSOH HGV 7KHRUHWLFDO ,VVXHV LQ 6LJQ /DQJXDJH
5HVHDUFK 9RO  /LQJXLVWLFV SS &KLFDJR 8QLY &KLFDJR 3UHVV

